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Abstract — There is limited information regarding the prevalence of many vector borne pathogens
in Europe and especially in Spanish dogs. We investigated 206 sick and 260 clinically healthy dogs
from three different regions in northeastern Spain for antibodies to Rickettsia conorii (Rc), Ehrlichia
canis (Ec), Anaplasma phagocytophilum (Ap), Bartonella henselae (Bh), Bartonella vinsonii subsp.
berkhoffii (Bvb), Leishmania infantum (Li) and Borrelia burgdorferi (Bb) and for antigen of
Dirofilaria immitis (Di). Total prevalences were the following: Rc (56.4%), Li (30%), Ec (16.7%),
Bh (16.8%), Ap (11.5%), Bvb (1.07%), Di (0.6%) and Bb (0.6%). Seroprevalences for Rc, Ec, Ap,
Bh, and Bvb and Bb and Di antigens were similar among the three different study sites. The Ec
seroprevalence, as determined by Snap 3DX, was statistically lower in dogs from Mallorca (0%)
than Tarragona (16%) and Barcelona (5%) (P < 0.0001). Detection of Rc antibodies was associated
with seroreactivity to Ec and Ap antigens (P = 0.018 and P = 0.002, respectively). IFA Ec antibodies
were associated with Ap seroreactivity (P < 0.0001). There was no association between the clinical
status, sex, time of the year when samples were collected, life-style or exposure to fleas or ticks and
a positive test result for Ec, Bh, Bvb, or Bb antibodies or Di antigens. Li seroreactivity was
associated with illness and living outdoors (P < 0.0001, P = 0.029; respectively), Rc seroreactivity
with the male gender (P = 0.028) and Ap seroreactivity with living outdoors (P = 0.045). This study
indicates that exposure to Rc, Li, Ec or related Ehrlichia spp., Bh and Ap or a related spp., is common
whereas Di, Bb and Bvb is uncommon among dogs from the Mediterranean basin. We also provide
serological data that suggests the existence of a novel Ehrlichia species on Mallorca island.

rickettsial pathogens / dogs / Spain

1. INTRODUCTION Bartonella spp., Dirofilaria spp. and others.

Vector-borne infections are increasingly

The medical and veterinary importance
of vector borne diseases in dogs results
from the transmission of a wide variety of
infectious agents including Leishmania
spp., Babesia spp., Ehrlichia spp., Ana-
plasma spp., Rickettsia spp., Borrelia spp.,
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recognized as the cause of severe clinical
illness in dogs such as leishmaniasis, ehrli-
chiosis, babesiosis, anaplasmosis and bar-
tonellosis. Furthermore, subclinically infected
dogs can transport infected arthropods
(fleas and ticks) into close proximity to people
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or serve as a reservoir for human vector-
transmitted infectious agents such as Leish-
mania spp. [36].

In Europe, there is little information
regarding the prevalence of many vector
borne diseases in dogs or the comparative
seroprevalence for various organisms in
specific geographical areas of Europe [42].
With regards to the dog, most of the vector
borne disease studies in Europe have empha-
sized canine leishmaniosis, with over 106
studies cited on a 2004 Medline search.
There were thirty-four studies, found on
Medline, that investigated canine borreliosis,
31 studies investigating canine ehrlichiosis
(which includes E. equi, now designated A.
phagocytophilum (Ap)), 26 studies investi-
gating R. conorii (Rc), 23 studies investi-
gating D. immitis (Di) and three studies that
consider canine bartonellosis.

Because of intense exposure to arthro-
pod vectors, dogs can be simultaneously or
sequentially exposed to a spectrum of vec-
tor borne organisms. Some vector-borne
pathogens such as Li have been extensively
studied in dogs from Europe, whereas other
pathogens such as Bvb have been less exten-
sively studied. Since the dog can serve as an
excellent sentinel for the detection and
characterization of zoonotic vector borne
infections, regional exposure patterns can
be readily established through epidemio-
logical investigations using dog sera. In
order to further characterize patterns of
exposure to vector-borne pathogens in dogs
from northeastern Spain, we investigated
the prevalence of exposure to eight vector-
borne pathogens L. infantum (Li), Borrelia
burgdorferi (Bb), E. canis (Ec), Ap, Rc, Di,
B. henselae (Bh) and B. vinsonii subsp.
berkofii (Bvb) in a convenience sample of
clinically healthy and sick dogs.

2. MATERIALS AND METHODS

2.1. Dogs

Four hundred sixty-six dogs from north-
eastern Spain were studied. Blood samples
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were obtained from three different regions:
Mallorca island (rn = 300), Tarragona (n =
116) and Barcelona (n = 50). Sera from
Mallorca dogs were collected between
October 2001 and July 2002 at a private vet-
erinary hospital located in Manacor (Mal-
lorca Island) (latitude = 39° 35" N and
longitude = 3° 12" E). Sera from Tarragona
and Barcelona dogs were collected between
December 2001 and May 2002 at a private
veterinary hospital located in Reus (Tarra-
gona, Catalonia) (latitude = 41° 09' N and
longitude = 001° 07' E) and at the Veterinary
Teaching Hospital of Universitat Autdbnoma
de Barcelona located in Cerdanyola
(Barcelona, Catalonia) (latitude =41° 24' N
and longitude = 2° 09' E), respectively. All
care and diagnostics were done with the
owner’s explicit permission and in con-
junction with local veterinarians.

2.2. Questionnaires

Questionnaires were administered to
veterinarians working in the three different
veterinarian hospitals. Information col-
lected on the questionnaires included the
period of sample collection, age, sex, breed,
type of housing (indoor versus outdoor),
flea and tick-exposure, clinical status (sick
versus healthy) and clinicopathological
findings. Dogs were considered sick if at
least one sign of illness was reported. Clin-
ically healthy dogs were those with no clinical
signs or historical abnormalities. Clinical
signs were divided into the following cate-
gories: loss of weight, fever, asthenia,
epistaxis, pale mucous membranes, lym-
phadenomegaly, lameness, and cutaneous,
mucocutaneous, ocular, cardiopulmonary,
gastrointestinal, neurological, urinary and
reproductive signs. Clinicopathological
findings were divided into the following
categories in the questionnaires: hypergam-
maglobulinemia, hypercreatinemia, ane-
mia, thrombocytopenia, leukopenia and
leukocytosis. Year period was divided into
two categories (October—March and April—
July).
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2.3. Serologic testing

2.3.1. Detection of IgG antibodies
to Bh, Bvb, Rc, Ec and Ap by
immunofluorescence assay (IFA)

Bartonella henselae, Bvb NCSU 93CO1
and Israeli-2 strain of Rc were cultivated in
Vero cells and harvested when cells were
more than 80% infected (2 to 9 days posti-
noculation). Ehrlichia canis (NCSU, DJ
strain) was grown as described previously
by in vitro propagation in the DH82-cell
line [40]. Anaplasma phagocytophilum
(strain 96HE158) was grown as described
previously by in vitro propagation in the
HL60[14] cell line. Antigen for the IFA was
prepared as previously described [14, 40].

Three twofold serial dilutions of sera
(1:16, 1:32, 1:64) in PBS 0.05% Tween 20
(T)-0.5% dried skimmed milk (M)-1% goat
sera (G) were made in microtiter plates. Ten
microliters of each dilution were applied
per well, and the slides were incubated at
37 °C for 30 min, washed in PBS with agi-
tation for 30 min and air-dried. Fluorescein
conjugated goat anti-dog immunoglobulin
(whole molecule immunoglobulin G; Cap-
pel, Organon Teknika Corp., Durham, NC,
USA) was diluted 1:100 in PBSTMG, fil-
tered with 0.22 pum filter to remove precip-
itants and applied to each well. The slides
were incubated for 30 min at 37 °C and
washed again in PBST with agitation for
30 min, rinsed with deionized water, air
dried, cover slipped using mounting medium
(90% glycerol and 10% PBS, pH 9.0) and
viewed with a fluorescence microscope
(magnification, x400). Ehrlichia canis and
Ap IFA were performed on each serum sam-
ple as described above. The only modifica-
tion was that the slides, after the last wash
with PBST, were counter stained with Eri-
ochrome black before the final rinse in
deionized water. Samples with an IFA titer
> 1:32 were retested with serial dilutions
from 1:16 to 1:8192. End point titers were
determined as the last dilution at which
brightly stained organisms could be detected

on a fluorescence microscope with exciter
and barrier filters.

For all antigens, a reactive serum was
defined as a titer of = 1:64. Sera from dogs
experimentally infected with Bh (titer 1:512)
(kindly provided by Dr Bruno Chomel, Uni-
versity of California, Davis, USA, unpub-
lished results), Bvb (titer 1:1024), Rc (titer
1:1024), Ec (titer 1:4096) and Ap (titer
1:1024) were used as positive controls and
a nonreactive serum from a specific patho-
gen free (SPF) dog was used as a negative
control for all IFA testing.

2.3.2. Detection of IgG antibodies
to Li by enzyme linked
immunoabsorbent assay (ELISA)

An ELISA was performed as previously
described [37]. Briefly, microtitre plates
(Costar, 96 well flat bottom, polystyrene
microplates/#3590) were coated with
20 ug-mL~! of Li antigen and incubated
overnight at 4 °C. One hundred microlitres
per well of dog sera, diluted 1:400 in PBS-
0.05% Tween 20-1% dried skimmed milk,
were incubated for 1 hat 37 °C. After wash-
ing, protein A (0.06 pg/mL) conjugated to
horseradish peroxidase (Sigma) was added.
This conjugate was incubated for 1 h at
37 °C, and then the plates were rewashed.
The substrate solution (ortho-phenylene-
diamine, 0.4 pg-mL-!, Sigma) and H,0,
(0.4 pg-mL~1)in 0.1 M of phosphate/citrate
buffer pH 5.0 was added at 200 puL/well and
developed for 20 min at 24 °C. The reaction
was stopped with 50 uL. of 3 M H,SOy.
Absorbance values were read at 492 nm in
an automatic microELISA reader (Anthos
2001, Anthos Labtec Instruments, Ges.m.b.h.,
Austria). The result was quantified as units
(U) related to a positive serum used as a cal-
ibrator and arbitrarily set at 100 U. The cut-
off was established at 35 U (mean + 4 SD
of 32 dogs from non-endemic areas). The
results below this cutoff were considered
uncertain if higher than 23 U (mean +2 SD),
and negative if less than 23 U.
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2.3.3. Detection of Di antigen,
Ec antibodies and Bb antibodies

Four hundred sixty dog serum samples
were tested with a commercial ELISA
assay kit (Canine SNAP® 3DxT™ Test;
IDEXX Laboratories, USA) which detects
Di antigen, Ec antibodies (P30 and P30-1
outer membrane proteins) and Bb antibod-
ies (C-6 peptide).

2.4. Statistical analysis

For univariate analysis, non-parametric
tests (chi-square) were used to test for asso-
ciations between proportions and putative
explanatory factors. When testing for asso-
ciations with Ec seroreactivity, the Ec
results from IFA testing were used exclu-
sively. The differences among groups were
analyzed by the unpaired Student T test.
The differences were considered signifi-
cant if the P-value was < 0.05.

3. RESULTS

3.1. Dogs

Demographic information was not avail-
able for all cases. Amongst the Mallorca
dogs, 83 were sick dogs with various ill-
nesses and 146 clinically healthy dogs, 202
lived outdoors and 39 dogs lived indoors.
One hundred forty-five dogs were male and
130 dogs were female. Age was known for
274 dogs with a mean + SD of 6.2 +
3.8 years. Ages ranged from 5 months to
19 years. Various breeds were represented
and 105 dogs were of mixed breeding.
There was no association between clinical
status, sex, period of the year, life-style or
exposure to fleas or ticks and positive test
results for Ec, Bh, Bvb, Di or Bb antigens
(Tab. I). There was a positive association
between the detection of Li antibodies and
illness (P < 0.000 001); between Rc anti-
bodies and male dogs (P = 0.028), between
Li or Ap antibodies and living outdoors (P =
0.029, P = 0.045; respectively).

Among the Tarragona dogs, 98 were sick
dogs and nine clinically healthy dogs.
Sixty-one dogs lived outdoors and 45 dogs
lived indoors. Seventy-five dogs were male
and 40 dogs were female. The age was
known for 92 dogs with a mean + SD of
5.6 £3.6 years. Ages ranged from 6 months
to 15 years. Various breeds were repre-
sented and 35 dogs were of mixed breeding.

Amongst the Barcelona dogs, 27 were
sick dogs and 20 clinically healthy dogs.
Twenty-one dogs lived outdoors and one
dog lived indoors. Twenty-four dogs were
male and 17 dogs were female. The age was
known for 34 dogs with a mean + SD of 4.6 +
3.4 years. Ages ranged from 6 months to 14
years. Various breeds were represented and
12 dogs were of mixed breeding.

There was no association between clin-
ical status, sex, period of the year, life-style
or exposure to fleas or ticks and positive test
results for Li, Rc, Ec, Bh, Bvb, Di or Bb anti-
gens in dogs from Tarragona or Barcelona.

3.2. Serology for arthropod borne
pathogens

The total and regional seroprevalence to
various test antigens and the prevalence to
the Di antigen are shown in Tables II
and III. Seventy-six dogs (16.3%) were
negative for all eight diagnostic tests and no
dog was positive for all eight organisms.
The Rc, Ec, Ap, and Bh seroprevalences
determined by IFA were similar among the
three different regions with the exception of
Bh seroprevalence that was not studied in
Tarragona. The prevalences of Di antigen,
Bb and Bvb antibodies, all of which were
rarely detected (n< 5 dogs each), were also
similar among the three different regions. In
contrast, the Ec seroprevalence as deter-
mined by the Snap 3DX test (Tab. III) was
statistically much lower in Mallorca dogs
than for Tarragona and Barcelona dogs (P <
0.000 001). In addition, the geometric
mean of Ec IFA was statistically much
lower in Mallorca dogs than in Tarragona
(P < 0.000 001) or Barcelona (P = 0.029)
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Table III. Regional seroprevalence of selected arthropod borne pathogens as detected by a commer-

cial screening test.

Geographical origin*

Number (%) of positive dogs by Snap test

Di ag Bb ab Ec ab
(¢} 95% C1 o 95% CI (6] 95% C1
Mallorca (n = 299) 1(0.3) 0.08-1.0 2 (0.66) 0.2-23 0(0) 0.084-1.2
Tarragona (n=112) 1 (0.85) 0.2-4.8 0(0) 0.02-3.2 16 (13.6) 9-21.9
Barcelona (n = 49) 1(2.0) 0.4-10 1(2.0) 0.48-10.6 5(10.2) 4.5-21.8
Total (n = 460) 3(0.6) 0.2-1.0 3(0.6) 0.2-1.8 21 (4.5) 3-6.8

* One dog from Mallorca, four dogs from Tarragona and one dog from Barcelona were not tested for

these pathogens.
CI: confidence interval; O: observed value.

dogs. The seroprevalence of Li was statis-
tically much greater in Tarragona dogs than
in Mallorca dogs (P = 0.000 004). Some
clinicopathological findings were statisti-
cally associated with seroreactivity to some
antigens. Seroreactivity to Li antigens was
associated with hypergammaglobulinemia,
hypercreatinemia and anemia (P < 0.000 001,
P =0.0028, P = 0.000 025; respectively).
Anemia was also associated with seroreac-
tivity to Rc antigens (P = 0.035).

3.2.1. Mallorca dogs

Rickettsia conorii titers ranged from
1:64 to 1:4096 with a geometric mean titer
of 1:438. Ehrlichia canis titers ranged from
1:64 to 1:2048 with a geometric mean titer
of 1:201. In contrast to the IFA results,
serum Ec-specific IgG antibodies were not
detected by the Snap 3DX test. Poor agree-
ment was found between Ec IFA and Ec
Snap 3DX tests (Kappa < 0.00001). Ana-
plasma phagocytophilum titers ranged
from 1:64 to 1:4096 with a geometric mean
titer of 1:251. Twenty-five dogs were sero-
reactive by IFA to both Ec and Ap antigens.
Sera from 28 dogs were reactive to only Ec
antigens and 11 dogs were reactive to only
Ap antigens. Fifteen out of 25 dogs had a
higher Ap titer than Ec titer. Five out of
25 dogs had the same titer to both organisms
and five out of 25 dogs had a higher anti-

body titer to Ec antigens as compared to Ap
antigens. The results are shown in Table I'V.

Bartonella henselae titers ranged from
1:64 to 1:1024 with a geometric mean titer
of 1:141. Serum Bvb IgG antibodies ranged
from 1:64 to 1:1024 with a geometric mean
titer of 1:128. Two out of four dogs serore-
active to Bvb (n = 2) were concurrently
seroreactive to Bh. Dirofilaria immitis anti-
gens were detected in 0.3% of the dogs and
serum Bb C6 peptide antibodies were
detected in 0.66% of the dogs. Serum Li-
specific IgG antibodies were detected in
29.2% of the dogs. The mean + SD of
ELISA units was 148 + 85.

The presence of Rc antibodies was asso-
ciated with being seroreactive to Ec and Ap
antigens (P = 0.018 and P = 0.002; respec-
tively). Moreover, the detection of Ec anti-
bodies was associated with seroreactivity to
Ap antigens (P < 0.000 001).

3.2.2. Tarragona dogs

Rickettsia conorii titers ranged from
1:64 to 1:4096 with a geometric mean titer
of 1:382. Ehrlichia canis titers ranged from
1:64 to 1:8192 with a geometric mean titer
of 1:2278. Anaplasma phagocytophilum
titers ranged from 1:1024 to 1:8192 with a
geometric mean titer of 1:3649. Ten dogs
were IFA seroreactive to both Ec and Ap
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Table IV. Comparison of Ec, Ap reciprocal titer IFA and Ec SNAP 3DX* test results from Ec IFA

seroreactive dogs from Mallorca.

DogID IFAEc IFAAp DogID IFAEc [IFAAp DogID IFA Ec IFA Ap
1252 2048 1024 1262 256 <16 1238 64 128
1336 1024 2048 3269 256 <16 J172 64 128
7264 1024 <16 7249 256 <16 132 64 128
J9 512 2048 J167 256 <16 31220 64 64
1334 512 1024 1265 128 4096 768 64 64
1314 512 1024 1311 128 1024 J178 64 <16
1313 512 256 J147 128 256 1219 64 <16
3305 512 256 1340 128 256 76 64 <16
769 512 32 182 128 128 1236 64 <16
173 512 <16 175 128 32 189 64 <16
7248 512 <16 116 128 32 152 64 <16
62 256 2048 1270 128 <16 12 64 <16
146 256 512 J165 128 <16 132 64 <16
1341 256 256 174 128 <16 1241 64 <16
7335 256 256 J131 128 <16 7243 64 <16
1324 256 64 J137 128 <16

J129 256 64 J258 128 <16

1319 256 16 31260 64 256

1266 256 <16 J345 64 256

* All Ec SNAP 3DX tests were negative.

antigens. Nine dogs were only seroreactive
to Ec by IFA. No dog was seroreactive to
only Ap. Four out of ten dogs had a higher
Ec titer than Ap titer. Five out of ten dogs
had the same titer to both organisms and one
out of ten dogs had a higher Ap titer than Ec
titer. In contrast to the results obtained from
Mallorca dogs, the Tarragona results,
shown in Table V, found excellent agree-
ment between Ec IFA and Ec Snap 3DX
tests (Kappa = 0.898).

The only dog (MO91) seroreactive to
Bvb antigens had a titer of 1:64. Dirofilaria
immitis antigens were detected in 0.85% of
the dogs and serum Bb C6 peptide antibod-
ies were not detected in any dog from Tar-
ragona. Serum Li-specific IgG antibodies
were detected in 55.7% of the dogs. The
mean + SD of ELISA units was 169 + 124.

The presence of Rc antibodies was asso-
ciated with Ec seroreactivity (P = 0.0098).
The detection of Ec antibodies was also asso-
ciated with Ap seroreactivity (P < 0.000 001).

3.2.3. Barcelona dogs

Rickettsia conorii titers ranged from
1:64 to 1:4096 with a geometric mean titer
of 1:182. Ehrlichia canis titers ranged from
1:64 to 1:8192 with a geometric mean titer
of 1:322. Anaplasma phagocytophilum tit-
ers ranged from 1:1024 to 1:8192 with a
geometric mean titer of 1:3649. Four dogs
were positive by IFA to both Ec and Ap anti-
gens. The results are shown in Table VI.
Two dogs were only seroreactive to Ec by
IFA. Three dogs were only seroreactive to
Ap. Two out of four dogs had a higher Ap
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Table V. Comparison of Ec, Ap reciprocal titer of
IFA and Ec SNAP 3DX from Ec IFA seroreac-
tive dogs from Tarragona.
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Table VI. Comparison of Ec, Ap reciprocal titer
of IFA and Ec SNAP 3DX from Ec IFA serore-
active dogs from Barcelona.

Dog ID IFA Ec Snap Ec IFA Ap Dog ID IFA Ec Snap Ec IFA Ap
MO91 8192 + 8192 HCV 66 8192 + 8192
MO61 8192 + 8192 HCV 107 8192 + 8192
MO8 8192 + 4096 HCV2 8192 * <16
MO19 3192 + 4096 HCV 13 2048 + 4096
MOT3 8192 4096 HCV 129 256 4096
* HCV 106 64 - <16
MO38 8192 + 2048 HCV 11 32 _ 4096
MO64 8192 + 32 HCV 108 <16 - 512
MO122 4096 + 4096 HCV 132 <16 - 64
MO21 4096 + 32
MO22 4 2
© 096 ¥ 3 4. DISCUSSION
MO33 4096 + 32
Dogs from all three locations had a very
MO75 4096 32 . . .
o * high prevalence (56.4%) of Rc antibodies.
MO70 2048 + 2048 Previous studies carried out in Spain
MOS1 2048 + 2048 described canine Rc seroprevalences of
26% [35] and 36.8% [8]. We also report for
Mo7 2048 * 32 the first time the detection of Rc antibodies
MO1 256 - 1024 in dogs from two geographical areas of
MO105 64 + 32 northeastern Spain (Tarragona and Mal-
lorca Island) where no previous studies
MO66 64 - 32

titer than Ec titer. Two out of four dogs had
the same titer to both organisms. Good
agreement was found between Ec IFA and
Ec Snap 3DX tests, similar to the results
from Tarragona (Kappa = 0.693).

Bartonella henselae titers ranged from
1:64 to 1:256 with a geometric mean titer +
SD of 1:97 + 1:83. Dirofilaria immitis anti-
gens were detected in 2% of the dogs and
serum Bb C6 peptide antibodies were
detected in 2% of the dogs. Serum Li IgG
antibodies were detected in 65% of the
dogs. The mean £ SD of ELISA units was
147.90 = 201.

As was the case for Mallorca and Tarra-
gona dogs, the detection of Ec antibodies
was associated with Ap seroreactivity (P =
0.002).

have been conducted in dogs or humans.
Rickettsia conoriiis transmitted in the Med-
iterranean basin by the brown dog tick Rhi-
picephalus sanguineus. The Rc infection
ratein R. sanguineus ticks in Sicily is 19.7%
[41] and in Israel 7.3% [16]. The high rates
of Rc infection of R. sanguineus are in
agreement with the high seroprevalences
found in this and other studies in dogs living
in the Mediterranean basin, where R. san-
guineus is the predominant tick infesting
dogs [9].

Rickettsia conorii is reported to infect
dogs [24], but the only clinical signs
observed in experimentally infected dogs
were pain, erythema and edema at the inoc-
ulation site and regional lymphadenopathy
[21]. Moreover, clinical disease, accompa-
nied by seroconversion or PCR detection of
Rc DNA has not been described in dogs
from endemic regions. For this reason, the
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clinical significance of infection with Rc, or
other spotted fever group rickettsiae in
dogs, is currently unknown. The very high
seroprevalences detected in Spanish dogs
would suggest frequent exposure to Rick-
ettsia spp. or persistent low-grade infection
with a rickettsial organism or organisms
that cross react with Rc antigens by IFA
testing. The possibility that Rc may cause a
clinical disease in dogs is supported by the
association between anemia and seroreac-
tivity to Rc antigens found in this study.
Further studies are needed to clarify the
clinical and epidemiological importance of
spotted fever group rickettsial infections of
dogs in the Mediterranean basin.

According to our results, Li seropreva-
lence in Mallorcais 29.3%, which is similar
to a previous study (26%) [37]. Unsurpris-
ingly, statistically significant differences
were found between seroprevalences in
clinically healthy (15%) and sick dogs
(49.3%) further supporting the importance
of Li infection as a cause of clinical disease
in dogs in the Mediterranean basin. Itis well
known that the detection of Li antibodies
correlates with clinical disease in dogs with
leishmaniasis [30, 37]. Furthermore, higher
seroprevalences were found in dogs from
Tarragona (51.7%) and Barcelona (65%)
perhaps due to the fact that there were
higher proportions of sick dogs compared
to Mallorca in the samples obtained in these
cities. In this study, Li was the only vector-
borne pathogen that was statistically asso-
ciated with clinical disease in dogs in north-
eastern Spain.

The Ec seroprevalence in central Spain
can range from 2.2% [31] to 19.2% [32]
depending on the location and population
studied. The total Ec seroprevalence by the
IFA method described in this study in the
northeast part of Spain was 16.7%, which
is in the higher range of the previous studies
performed in central Spain [32]. An associ-
ation was found between the detection of Rc
and Ec antibodies; a result not unexpected
due to the fact that both pathogens can be
transmitted by the same tick, R. sanguineus.

L. Solano-Gallego et al.

This study provides the first serological
evidence for canine exposure to Ap
(10.3%), or related species in dogs living in
the three Mediterranean basin regions.
Exposure appears to be more prevalent in
Mallorca as compared to Barcelona and
Tarragona. Canine anaplasmosis (formerly
granulocytic ehrlichiosis) has been previ-
ously diagnosed serologically in Italy [15].
Recently, the first molecular evidence of Ap
infection in a sick dog living in the south of
Italy [22] and two sick dogs living in north-
ern Greece [25] were reported. There is also
one study that detected Ap DNA in blood
samples from cattle in Sicily [13] and
another study in which Ap antibodies were
reported (5.7%) in free-ranging jackals in
Israel [44].

Itis well known that Ap is transmitted by
Ixodes ricinus ticks, which also transmit Bb
in central European countries such as in
central Italy [5], Bulgaria [4] and Switzer-
land [29]. In northern Spain (regions close
to the atlantic ocean), there are reports of Ap
infection in Ixodes ticks, in humans [27], in
larvae of Neotrombicula autumnalis [10],
in sheep where infection can result in abor-
tions [12], in cattle with non-specific illness
[20] and in wild small mammals and roe
deer [26]. In the Mediterranean basin 1. rici-
nus is rarely encountered [9]. Further evi-
dence supporting infrequent exposure to the
Ixodes species in the Mediterranean basin
[4, 13] is the fact that Lyme disease is
uncommonly reported in dogs or humans in
this region. As described in this study, the
overall Bb seroprevalence was only 0.6%
and there was not a statistical association
between Bb and Ap seroreactivity among
the three study sites. No studies have reported
ApinR. sanguineus ticks; however, arecent
study reported Ap DNA in R. bursa from
Albania [4].

Dog sera from Mallorca recognized Ec
antigens by IFA testing (17.6%) that were
not detected by a commercial diagnostic
test (Snap 3DX) that uses Ec synthetic pep-
tides as antigens (0%) [2]. With one
reported exception [34], this result differs
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from the serological results obtained using
dog sera from Tarragona and Barcelona as
well as the comparative IFA experience in
the USA [2] and Israel [17]. In addition, the
geometric mean Ec IFA titer was statisti-
cally much lower in Mallorca dogs than the
geometric mean titers for dogs from Tarra-
gona or Barcelona. Collectively, these find-
ings could support the presence of a unique
or new Ehrlichia species on the island of
Mallorca. Anaplasma platys infection is
common in dogs living in the Mediterra-
nean basin in countries such as Spain [33],
Greece and Italy [39]. However, since
A. platys does not serologically cross-react
with Ec [11], it is unlikely that our Ec IFA
results are due to A. platys infection. Dogs
from Mallorca and to a lesser extent Barce-
lona appear to be exposed to Ap or a closely
related organism. Although some dogs had
comparable IFA titers to both Ec and Ap,
many had higher titers (by a two-four-fold
difference) to Ap and some dogs only had
titers to Ap, not Ec. It is possible that infec-
tion with Ap or a related species induces
IFA seroreactivity to Ec antigens in dogs on
Mallorca that is not detected by the com-
mercially available peptide ELISA used in
this study. Another possibility could be that
aspecies related to Ec is found on the island
of Mallorca, and that this currently unrec-
ognized Ehrlichia species originated or was
introduced at some distant time point in the
past. Molecular and cell-culture isolation
techniques will be required to identify the
Ehrlichia and Anaplasma organisms to
which dogs on Mallorca are exposed.

Based upon serological evidence using
both IFA and Snap 3DX testing, dogs from
Tarragona and Barcelona are frequently
exposed to Ec. The statistical association
between Ec exposure and Ap exposure
could represent variability in the duration of
infection, as observed in experimentally
infected dogs [43] or the degree of serolog-
ical cross reactivity among individual dogs
when exposed to a common organism, i.e.
another Ehrlichia or Anaplasma spp. or
concurrent exposure to both Ehrlichia and
Anaplasma species. Collectively, the above

associations would seem to support trans-
mission by the same means or same vector
(tick).

In Spain, there is limited information
describing Bh infection in humans [3] and
only one study has been performed in cats
with a seroprevalence of 29.6% [28]. In this
study, the Bh seroprevalence was 16.8% in
dogs from Spain. Two canine serosurveys
carried out in Hawaii and the United King-
dom described Bh seroprevalences of 6.5%
[7],and 3% [1], respectively. A recent sero-
survey from the southeastern USA describes
seroprevalences of 10.1% in clinically
healthy dogs and 27.2% in sick dogs with
clinical signs compatible with a tick-flea
vector borne disease [38]. In the present
study, there was no difference found between
the Bh antibody prevalences among clini-
cally healthy and sick dogs. This discrepancy
could be explained by regional differences
in Bh virulence or differences in the dog
populations studied. Sera in the US study
were selected from sick dogs that were
tested for exposure to other tick borne
organisms, such as Rickettsia, Ehrlichia
and Babesia [38]. In this study, all sick dogs
were included, regardless of the type of ill-
ness. A recent study reported that seroreac-
tive dogs to Bartonella were more likely to
be lame or have arthritis-related lameness,
nasal discharge or epistaxis, or splenomeg-
aly [18]. A more focused study is needed to
clarify if an association between Bh serore-
activity and illness exists in dogs from
Spain.

In this study, exposure to Di and Bvb was
uncommon in dogs from northeastern
Spain. Dirofilaria immitis infection is highly
prevalent (up to 60%) in dogs from the
Canary Islands (Spain) [23] whereas in this
study Di antigen prevalence was only 0.6%
as previously described in the Mediterra-
nean basin [6]. The overall Bvb seropreva-
lence in this study was 1.07%, with 1.3% in
Mallorca, 0.86% in Tarragona and 0% in
Barcelona. These seroprevalences are among
the lowest canine seroprevalences described
in the literature to date. Bartonella vinsonii
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(berkhoffii) seroprevalences range between
0—4.8% in French dogs to 65% in dogs from
Sudan! [19]. Differences in seroprevalence
are most likely related to differences in the
dog population studied, geographical dif-
ferences in vector exposure and potential
differences in the serological methods
employed.

In conclusion, this manuscript reports
evidence of exposure of selected arthropod-
borne pathogens in this convenience sam-
ple of dogs in northeastern Spain. The study
indicates that these dogs are frequently
exposed to Rc, Li, Ec, Bh and Ap. In con-
trast, there is infrequent exposure to Di, Bb,
and Bvb in dogs from the same geographical
region. We also provide serological data
that suggests the potential existence of a
novel Ehrlichia species on the island of
Mallorca.
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