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a  b  s  t  r  a  c  t

Infection  with  canine  vector-borne  pathogens  was  evaluated  in  dogs  from  four  different
regions  of  Costa  Rica  by  PCR.  Demographic  data,  clinical  signs,  packed  cell  volume  val-
ues,  and  the  presence  of tick infestation  were  recorded  for each  dog.  Forty  seven  percent
(69/146)  of the  dogs  were  infected  with  at least  one  pathogen  and 12%  were  co-infected
with  two  pathogens.  Ehrlichia  canis  was  detected  in  34%,  Anaplasma  platys  in  10%,  Babesia
vogeli in 8%,  and  Hepatozoon  canis  in  7.5%  of  the  blood  samples.  No  infection  was detected
with  Leishmania  spp.  in blood,  skin  scrapings  or  conjunctival  swabs.  Thirty  percent  of  the
dogs  presented  at  least  one  clinical  sign  compatible  with  vector-borne  disease,  and  of  those,
66% were  infected  with  a pathogen.  Subclinical  infections  were  determined  in  58%  of the
infected  dogs  including  82%  (9/11),  58% (29/50),  42% (5/12)  and 36%  (5/14)  of  the dogs  with
H.  canis,  E.  canis,  B.  vogeli  and  A.  platys  infections,  respectively.  A  distinct  relationship  was
found  between  infection  and  anemia.  The  mean  PCV  values  were  34.4%  in  dogs  with  no
infection,  31.5%  in  those  who  had  a  single  infection  and  23%  in those  with  co-infection.
Co-infected  dogs  had  significantly  lower  PCV  values  compared  to non-infected  and  single-
infected dogs  (p  <  0.0001).  Thirty  five  percent  (51/146)  of  the dogs  were  infested  with  ticks,
82%  of them  were  infested  with  Rhipicephalus  sanguineus  sensu  lato  and  18%  with  Ambly-
omma  ovale.  Dogs  infected  with  A.  platys,  B.  vogeli,  or E. canis  were  significantly  associated
with  R.  sanguineus  s.l.  infestation  (p < 0.029).
This  is  the  first  description  of infections  with  B.  vogeli  and  H. canis  in  Costa  Rica  as
well  as  in  Central  America.  The  results  of  this  study  indicate  that  multiple  vector-borne
pathogens  responsible  for severe  diseases  infect  dogs  in  Costa  Rica  and therefore,  increased
owner  and  veterinarian  a
recommended  to decreas
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wareness  are  needed.  Moreover,  prevention  of tick  infestation  is
e  the  threat  of  these  diseases  to the  canine  population.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Vector-borne diseases are infections caused by viruses,

bacteria, protozoa and helminths transmitted by arthro-
pods such as mosquitoes, sandflies, ticks and fleas (Otranto
and Dantas-Torres, 2010). Some of the vector-borne dis-
eases are considered as emergent or re-emergent, having
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a major impact on animal and human health, as well as an
economic burden (Harrus and Baneth, 2005; Yuasa et al.,
2012). Dogs are affected by several of these pathogens,
causing diseases such as leishmaniasis, monocytic ehrli-
chiosis, anaplasmosis, babesiosis, and hepatozoonosis
(Otranto et al., 2009).

Vector-borne infections represent a diagnostic chal-
lenge as they usually cause non-specific signs and clinical
manifestations which may  vary according to the pathogen
involved, parasitemia or bacteremia level, immune sta-
tus and age of the dog (Baneth et al., 2012). The most
common clinical findings are fever, lymphadenomegaly,
pale mucous membranes, lethargy, scleral injection, ane-
mia  and petechiae. However, many affected dogs remain
subclinically infected, complicating the therapeutic inter-
vention and the control of the disease (Otranto et al., 2009).
Moreover, subclinically-infected animals can play a role as
reservoirs of pathogens.

Epidemiological studies are essential to describe the
trends of infection with a particular pathogen and its vec-
tors locally and regionally. Knowledge on vector-borne
infections at the local level allows veterinary practitioners
to recognize the pathogens that can affect their patients
facilitating a prompt diagnosis and treatment (Baneth
et al., 2012). Serological techniques have limited sen-
sitivity and specificity which decrease their usefulness,
however, molecular techniques allow the detection of
pathogen DNA with high accuracy. Hence, molecular meth-
ods have become an excellent tool for epidemiological
surveys worldwide (Tavares et al., 2011). Despite that, in
Costa Rica, as well as in other countries of Central America,
the status of dog infection with many canine pathogens
is still vague. To date, no information has been available
on infection with Babesia, Hepatozoon or Leishmania spp. in
dogs in this country; and partial data on Ehrlichia canis and
Anaplasma platys has been obtained only from a limited
area of Costa Rica (Abrego et al., 2009; Romero et al.,
2011). Furthermore, it is important to study the relation-
ship between those infections, the dog’s clinical status and
presence of ectoparasite vectors, in order to have a wider
epidemiological perspective.

The purpose of this study was to evaluate infection with
vector-borne pathogens of dogs in four different regions
from Costa Rica, and to associate the potential infection-
status with other co-infecting pathogens, tick infestation,
clinical manifestations and hematological findings.

2. Materials and methods

2.1. Animals and samples

Sampling of dogs was carried out in the regions of San
Ramón, Alajuela (10◦05′14.28′′N 84◦28′13.25′′O), Kéköldi,
Limón (9◦38′17.62′′N 82◦47′48.53′′O), Liberia, Guanacaste
(10◦38′57.56′′N 85◦26′00.19′′O) and Chomes, Puntarenas
(10◦3′56.16′′N 84◦57′47.38′′O) (Fig. 1), in Costa Rica dur-
ing the rainy season (July, August and September) of 2012.

A questionnaire was filled for each dog with information
on sex, age, and results of physical examination. Blood was
drawn by puncture of the cephalic vein and collected in
EDTA tubes. A conjunctival sterile-swab was taken from
logy 199 (2014) 121– 128

each eye and placed in a sterile microcentrifuge tube. A
skin scraping of the dog’s left ear was taken with a sterile
blade and kept in a sterile tube. The samples were trans-
ported at 4 ◦C to the laboratory and stored at −20 ◦C until
further analysis. Additionally, presence of tick infestation
on dogs was  assessed by visual inspection and combing,
and tick specimens were collected and kept in sterile tubes.
Taxonomic identification of ticks was determined by obser-
vation of morphological characteristics according to the
guide of Barros-Battesti et al. (2006).

The packed cell volume (PCV) was  measured from the
EDTA blood samples by glass capillary centrifugation. The
dogs sampled were divided into three groups according to
PCV values: group 1 (7–24%), group 2 (25–34%) and group 3
(35–50%). Dogs in group 3 were the only ones with a normal
PCV which ranges between 35 and 55%.

The project was  approved by the Inter-Institutional
Committee for the Care and Use of Animals (CICUA), Uni-
versidad de Costa Rica.

2.2. DNA extraction

DNA from EDTA blood samples and skin scrapes was
extracted with commercial kits (Illustra Blood Genomic
Prep Mini Spin Kit and Illustra Tissue and Cells MiniSpin
Prep, GE Healthcare, Buckinghamshire, United King-
dom), following the manufacturer recommendations. DNA
from conjunctival swabs was extracted with a phe-
nol:chloroform:isoamylic alcohol protocol as described
previously (Strauss-Ayali et al., 2004).

2.3. Conventional and real-time PCR for Ehrlichia,
Anaplasma, Hepatozoon, Babesia, and Leishmania spp.

Blood samples were screened for the presence of
Ehrlichia, Anaplasma,  Babesia, and Hepatozoon spp. by con-
ventional PCR. PCR was  performed using the Syntezza
PCR-ReadyTM High Specificity (Syntezza Bioscience, Israel)
kit tubes with 20 �l of PCR grade water (Sigma, St. Louis,
United States), 1 �l of 500 nM of each primer, and 3 �l of
the respective DNA. For Hepatozoon spp. detection, primers
HEP-F and HEP-R (Inokuma et al., 2002) which amplify a
fragment of approximately 666 bp of the 18S gene of ribo-
somal DNA were employed, following conditions described
by Otranto et al. (2011). The primers Piroplasmid-F and
Piroplasmid-R were employed to detect a 400 bp fragment
of the 18S ribosomal DNA of piroplasmid such as Babesia
and Theileria spp. as described previously (Tabar et al.,
2008). Finally, primers EHR-16SD and EHR-16SR (Parola
et al., 2000) were used to amplify a 345 bp fragment of the
16S gene of Ehrlichia and Anaplasma spp. and the reaction
protocol was  modified from Parola et al. (2000) as follows:
95 ◦C for 5 min, 45 cycles of 94 ◦C for 30 s, 59 ◦C for 30 s and
72 ◦C for 60 s; and a final elongation at 72 ◦C for 5 min. All
amplicons were visualized in ethidium-bromide stained 2%
agarose gels.

Specific-pathogen real-time assays were performed for

the detection of E. canis, Babesia vogeli,  and Leishmania
spp. in blood samples. In addition, Leishmania spp. DNA
was  further screened in the conjunctival swabs and skin
scrapes. Samples for real time PCRs were prepared in a final
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he  template map  was  modified from: www.d-maps.com.

olume of 20 �l with 0.6 �l SYTO-9 (Invitrogen, Carlsbad,
nited States), 10 �l of Maxima Hot Start PCR Master Mix
× (Thermo Fisher Scientific Inc., Surrey, UK), 4.4 �l PCR
rade water (Sigma, St. Louis, USA), 1 �l of each primer and

 �l of DNA. Reactions were performed by a Rotor Gene
000TM cycler (Corbet, Sydney, Australia). All real-time PCR
uns included a non-template control (NTC) with PCR grade
ater, DNA from a specific-pathogen-free negative dog and

he respective pathogen DNA, as controls. Leishmania spp.
eal-time PCR detection was assessed using primers ITS-
19F and ITS-219R (Talmi-Frank et al., 2010) which amplify

 265–288 bp fragment within the Leishmania ribosomal
peron internal transcribed spacer1 (ITS1). The protocol
as modified by performing an initial hold of 4 min  at 95 ◦C

nd 40 cycles of 5 s at 95 ◦C, 30 s at 59 ◦C and 1 s at 72 ◦C. The
elt curve was built from 60 to 95 ◦C, 1 ◦C/s, followed by a

ybridization step (90–50 ◦C). A high resolution melt-curve
as performed from 75 to 90 ◦C at 0.4 ◦C/s. Primers EHR16S

wd and EHR16S rev (Peleg et al., 2010) at a concentration
f 400 nM were used to detect E. canis. The real-time PCR
onditions were: 95 ◦C for 4 min, 45 cycles of 95 ◦C for 15 s,
9 ◦C for 30 s and 72 ◦C for 30 s. The melt curve was mea-
ured from 65 ◦C to 95 ◦C with a raise of 1 ◦C/s. For B. vogeli

etection, a fragment of 90 bp length of the hsp70 gene
as amplified with primers B.c hsp70-F and B.c hsp70-R

ccording to the conditions described by Peleg et al. (2010).
his specific reaction was used to detect co-infections with
. The number of animals tested in each region is annotated in parenthesis.

Babesia spp. and Hepatozoon canis that may  not be evident
by the means of the conventional PCRs described above.

2.4. Sequencing analysis

All positive amplicons were purified (EXO-Sap, New
England Biolabs Inc., Ipswich, United States) and sequenced
using the BigDye Terminator cycle from Applied Biosys-
tems ABI3700 DNA Analyzer, and the ABI’ Data Collection
and Sequence Analysis software (ABI, Carlsbad, United
States). Samples were considered positive to a pathogen in
this study only if they were positive by PCR and if sequenc-
ing of the amplicon indicated that the closest GenBank
accession was  at least 97% identical to the identified organ-
ism. Data was  analyzed with the Chromas Lite Version 2.01
software and compared to the data available from Gen-
Bank using the BLASTN 2.2.26 program (http://www.ncbi.
nlm.nih.gov/BLAST).

2.5. Statistical analysis

The frequency distribution for all variables was calcu-
lated and the percentages of the identified categories were

obtained. To estimate the potential association between
nominal variables, the Chi-square or Fisher’s exact tests
were applied. The Chi-square test was  employed when
more than 80% of the expected frequencies of cells were

http://www.d-maps.com/
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
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higher than 5 units, and the Fisher’s exact test was used
when more than 20% of the expected frequencies of cells
were lower than 5 units. The Phi coefficient test was per-
formed to measure the strength of association between two
nominal variables. The Spearman’ ranks correlation coef-
ficient was calculated to correlate PCV level groups and
infection status. To evaluate differences between mean PCV
values and infection status, as well as age mean values
and dog’ infection status, two-tailed T-test was performed.
The hypothesis tests were analyzed under the hypothesis
of null independence. Significance was determined with
p < 0.05. The Bonferroni correction was applied in cases
where multiple comparisons were performed. Data was
analyzed using the IBM SPSS Statistics 20 software.

3. Results

3.1. Pathogen DNA detection

Blood, skin scrapes and conjunctival swabs samples
from a total of 146 dogs from the four different geographical
zones were analyzed (Fig. 1). Forty seven percent (69/146;
95% C.I.: 39.0–55.7%) of the dogs were infected with at
least one of the pathogens. Thirty four percent (50/146;
95% C.I.: 26.6–42.6%) of the dogs were positive for E. canis,
10% (14/146; 95% C.I.: 5.3–15.6%) for A. platys,  8% (12/146;
95% C.I.: 4.3–13.9%) for B. vogeli,  and 7.5% (11/146; 95% C.I.:
3.8–13.1%) for H. canis. There were no blood samples pos-
itive for Theileria spp. and Leishmania spp.-DNA was  not
detected in any blood, skin or swab samples. Additionally,
co-infections with two vector-borne pathogens were found
in 12.3% (18/146; 95% C.I.: 7.5–18.9%) of the dogs represent-
ing 26% (18/69; 95% C.I.: 16.2–38.1) of the infected dogs. The
co-infections detected included E. canis and B. vogeli in 8/18
dogs (44%; 95% C.I.: 21.5–69.2%), followed by E. canis and
A. platys in 4/18 (22%; 95% C.I.: 6.4–47.6%), E. canis and H.
canis in 3/18 (17%, 95% C.I.: 3.6–41.4%), A. platys and B. vogeli
in 2/18 (11%, 95% C.I.: 1.4–34.7%) and finally A. platys and
H. canis in one dog (6%; 95% C.I.: 0.1–27.3%). The GenBank
accession numbers with the closest match to the pathogen
DNA sequences found in this study are shown in Table 1.

The presence of the pathogens detected varied accord-
ing to the geographic location (Table 1). The distribution
of E. canis was  higher in Liberia and Chomes compared to
San Ramón and Kéköldi, and a significant difference was
observed between these prevalence rates (Fisher’s exact
test, all p < 0.001). A. platys was present only in Chomes
and Liberia, and it was equally distributed in both places
(Fisher’s exact test, p = 1.000). Moreover, B. vogeli distribu-
tion was significantly different in the different geographic
locations (Fisher’s exact test, p = 0.005), with a higher
prevalence of infection found in Chomes. H. canis was found
in all regions and no significant difference in the distribu-
tion was detected between locations.

3.2. Pathogen infection vs. clinical signs
Thirty percent (44/146; 95% C.I.: 22.8–38.3%) of the dogs
presented at least one of the listed clinical signs, and of
those, 66% (29/44; 95% C.I.: 50.1–79.5%) were infected with
at least one the pathogens (Table 2). Of the single-infection
logy 199 (2014) 121– 128

cases, 71% (5/7; 95% C.I.: 29.0–96.3%) of A. platys,  37%
(13/35; 95% C.I.: 21.5–55.1%) of E. canis and 8% (1/12; 95%
C.I.: 0.2–38.5%) of B. vogeli infections were associated with
at least one of the listed clinical signs. Two  of the 11 cases
of H. canis-infection presented clinical signs, but both were
also infected with E. canis. There was a significant associa-
tion between infection with A. platys and lethargy (Fisher’s
exact test, p = 0.003; Phi = 0.31, p = 0.0002), fever (Fisher’s
exact test, p = 0.03; Phi = 0.23, p = 0.006), poor body condi-
tion (Fisher’s exact test, p = 0.042; Phi = 0.21, p = 0.01) and
scleral injection (Fisher’s exact test, p = 0.046; Phi = 0.23,
p = 0.05). E. canis infection was associated with fever
(Fisher’s exact test, p = 0.020; Phi = 0.21; p = 0.01), alope-
cia (Chi-square test, �2 = 7.9, d.f. = 1, p = 0.005; Phi = 0.23,
p = 0.005), and pale mucous membranes (Chi-square test,
�2 = 4.7, d.f. = 1; p = 0.029; Phi = 0.18, p = 0.03).

Subclinical infections were defined as infections with
pathogens without manifestation of any clinical signs.
These infections were determined in 58% (40/69; 95% C.I.:
45.5–69.8%) of the infected dogs. Consequently, 82% (9/11),
58% (29/50), 42% (5/12) and 36% (5/14) of the dogs with H.
canis, E. canis, B. vogeli and A. platys infections, respectively,
did not present any clinical signs.

3.3. Pathogen infection vs. packed cell volume (PCV)
values

A significant negative correlation was  found between
PCV level groups and infection (none, single infection
and co-infection) (Spearman’s ranks correlation, rs = −0.38,
p < 0.0001) (Fig. 2). The prevalence of infection was 76%
(19/25; 95% C.I.: 54.9–90.6%) in group 1 (PCV 7–24%), 51%
(33/65; 95% C.I.: 38.1–63.4%) in group 2 (PCV 25–34%), and
31% (17/55; 95% C.I.:19.2–44.8%) in group 3 (PCV 35–50%).
Furthermore, co-infection was  found more frequently in
dogs of group 1 than in group 2. Dogs from group 3 had a
lower co-infection prevalence than group 1 and 2 dogs.

Co-infected dogs had lower PCV values compared to
non-infected and single-infected dogs. The mean PCV val-
ues were 34.4 ± 0.8% in dogs with no infection, 31.5 ± 1%
in those who had a single infection and 23 ± 1.5% in those
with co-infection. The latter group was  significantly differ-
ent from the former two  (two-tailed t-test, both p < 0.0001).
Moreover, lower PCV levels were observed in dogs with E.
canis (31.1%), B. vogeli (29%), and A. platys (27.3%) infections
when compared to non-infected dogs (two-tailed t-test, all
p < 0.05).

3.4. Pathogen infection vs. age

Dog ages ranged from 0.5 to 12 years. Co-infected dogs
were significantly younger than uninfected dogs or those
with a single infection. The mean age of dogs infected
with two  pathogens (1.7 ± 0.30 years, n = 18) was sig-
nificantly lower than the mean ages of dogs with no

pathogen infection (3.2 ± 0.3 years, n = 76) or those with
only one pathogen detected (3.4 ± 0.4 years, n = 51) (two-
tailed t-test, t = −2.3, d.f. = 92, p = 0.021 and t = −2.5, d.f. = 67,
p = 0.015, respectively). Nevertheless, an association could
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Table  1
Detection of vector-borne pathogens in 146 dogs from 4 different regions of Costa Rica. All the results were obtained from blood samples, except for the
detection of Leishmania spp., carried out in blood, skin scrapes and conjuctival swabs.

Pathogen Total number of dogs infected with each pathogen
per region (% of the total dogs infected with the
pathogen)

Total number of dogs
infected with each
pathogen (% of total dogs)

Identity to GenBank accession
number (number of dogs; %
sequence identity)

Chomes
(n = 38)

Liberia
(n = 36)

San
Ramón
(n = 30)

Kéköldi
(n = 42)

Ehrlichia canis 22 (44%) 21 (42%) 5 (10%) 2 (4%) 50 (34.2%) JQ976664.1 (37; 98%)
AB723711.1 (13; 99%)

Anaplasma platys 7 (50%) 7 (50%) 0 0 14 (10%) JQ894779.2 (7; 98%)
JX261979.1 (4; 99%)
JQ976642.1 (3; 98%)

Babesia vogeli 8 (67%) 3 (25%) 0 1 (8%) 12 (8%) JX304677.1 (11; 98%)
JX112785.1 (1; 99%)

Hepatozoon canis 2 (18%) 2 (18%) 6 (55%) 1 (9%) 11 (8%) AY150067.2 (9; 99%)
DQ869309.1 (2; 100%)

N

n
t

3

e
d
b
p

3

9
a
o
6

T
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i
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Leishmania spp. 0 0 0 0 

.D.: not determined.

ot be established between age and the presence of a par-
icular pathogen.

.5. Pathogen infection vs. sex

No association was found between sex and pres-
nce of infection or co-infection (Chi-square test, �2 = 2.1,
.f. = 2, p = 0.343). Furthermore, no relationship was found
etween sex and the prevalence of each of the studied
athogens (Chi-square test, all p > 0.238).

.6. Tick infestation

A total of 425 ticks were collected from 35% (51/146;

5% C.I.: 27.2–43.2%) of the dogs. Ticks were classified
s Rhipicephalus sanguineus sensu lato and Amblyomma
vale. Of the 51 dogs with ticks, 82% (42/51; 95% C.I.:
9.1–91.6%) were infested with R. sanguineus s.l. and 18%

able 2
linical signs recorded for 146 dogs from different regions of Costa Rica and their
hrlichia canis, Anaplasma platys,  Babesia vogeli or Hepatozoon canis. The presence 

ts  presence among the dogs with confirmed infection. The presence of a signific
he  presence of a vector-borne infection is indicated.

Clinical sign Number of dogs with the clinical sign (% o
total number of dogs)

Pale mucous
membranes

22 (15.1%) 

Alopecia 17 (11.6%) 

Lethargy 13 (8.9%) 

Poor body condition 9 (6.2%) 

Fever (>39.5 ◦C) 8 (5.5%) 

Scleral injection 4 (2.7%) 

Cough 3 (2.1%) 

Purulent nasal
discharge

2 (1.4%)

Ataxia 1 (0.7%) 

Dyspnea 1 (0.7%) 

Lymphadenomegaly 1 (0.7%) 

Petechiae 1 (0.7%) 

* Chi square test, p < 0.05.
0 N.D.

(9/51; 95% C.I.: 8.4–30.9%) with A. ovale. R. sanguineus s.l.
was found in the regions of Chomes, Liberia and Kéköldi;
and A. ovale was  identified only in dogs from Kéköldi.
One dog from Chomes was  co-infested with R. sanguin-
eus s.l. and an Amblyomma sp. nymph which could not
be taxonomically identified. Ticks were not observed in
the dogs from San Ramón. The prevalence of dog tick
infestation in Chomes and Liberia were higher than in
Kéköldi, and their distributions were significantly different
(Chi-square test, �2 = 13.4, d.f. = 1 p < 0.0001 and �2 = 4.7,
d.f. = 1, p = 0.03, respectively). There was  a strong associa-
tion between tick infestation and pathogen infection in the
different geographic locations (Chi-square test, �2 = 37.1,
d.f. = 3, p < 0.0001; Phi = 0.50, p < 0.0001).
An association between infestation with R. sanguin-
eus s.l. and single infection or co-infection was  observed
(Chi-square test, �2 = 28.5, d.f. = 2, p < 0.0001; Phi = 0.44,
p < 0.0001). Sixty four percent of the dogs infected with

 association with infection with at least one of the following pathogens:
of clinical signs in the total population of sampled dogs was compared to
ant relationship (p < 0.05) between demonstrating each clinical sign and

f Number of dogs with the clinical sign and infection
with at least one of the vector-borne pathogens (% of
total number of dogs presenting the clinical sign)

14 (58%)

13 (72%)*

10 (76.9%)*

7 (70%)
7 (87.5%)*

4 (100%)*

2 (66.7%)
2 (100%)

1 (100%)
1 (100%)
1 (100%)
1 (100%)
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 and pr
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ignifican
Fig. 2. Relationship between the packed cell volume (PCV) of 146 dogs
Distribution adjusted to 100% of dogs with no detectable infection, single
category is indicated in each column. A value of p < 0.05 was considered s

A. platys,  58% with B. vogeli,  and 54% with E. canis were
infested with R. sanguineus s.l. Consequently, there was
a significant association between infection with either of
these pathogens and infestation with R. sanguineus s.l. (Chi-
square test, all p < 0.029). No infection was found in dogs
infested with A. ovale, except for one of these nine dogs
which was infected with H. canis.

4. Discussion

Canine vector-borne diseases are usually distributed
geographically in close relationship with the presence of
their vector hosts. Climate change, increased travel, trans-
port and globalization, have facilitated the spread of these
infections into previously unaffected regions (Harrus and
Baneth, 2005). Therefore, it is important to study the pres-
ence of these infections in order to know what diseases
can be expected in each country or region. This study con-
stitutes the first report of B. vogeli and H. canis infection in
dogs in Costa Rica and in Central America. Moreover, a high
prevalence of E. canis and A. platys infections was  detected
in dogs, and infection and co-infections with these vector-
borne pathogens were clearly associated with anemia and
clinical abnormalities such as fever.

B. vogeli detected in 8.2% of the Costa-Rican dogs in this
study, has been shown to infect dogs in both South and
North America (Birkenheuer et al., 2005; Criado-Fornelio
et al., 2007). Surveys from Colombia (Vargas-Hernández
et al., 2012) and Venezuela (Criado-Fornelio et al., 2007)
reported infections with B. vogeli in 5.5% and 2.2% of the

dogs studied, respectively. Furthermore, a study conducted
in three areas of Brazil reported 9.9% of positivity to B. vogeli
in dogs during the dry season and 10.8% in the rainy sea-
son (Costa-Júnior et al., 2012). The detection of B. vogeli
esence of infection with vector-borne pathogens detected in the study.
-infection according to their PCV value. The number of dogs within each
t.

infection in Costa Rican dogs was  not surprising due to
the presence of its vector R. sanguineus s.l. in Costa Rica, as
demonstrated in the present study and previously observed
also by Troyo et al. (2012). Our molecular assays were able
also to detect other piroplasmid species, such as Theileria
spp., however, these were not found in the surveyed dogs.
Fifty eight percent of the dogs with B. vogeli infection were
found infested with ticks. B. vogeli infection in the absence
of tick infestation may  be explained by the drop-off rhythm
of R. sanguineus s.l. (Dantas-Torres, 2010) or by the fact
that B. vogeli infection is chronic and dogs may  have been
infected long before the survey. Fifty eight percent of the
studied dogs with B. vogeli infection showed clinical man-
ifestations in accordance to the mild to moderate clinical
disease that this parasite may  cause (Solano-Gallego and
Baneth, 2011). All of the dogs infected with B. vogeli pre-
sented anemia, which is characteristic of this infection that
typically involves erythrocyte destruction (Solano-Gallego
and Baneth, 2011).

H. canis-infection was found in 7.5% of the sampled dogs.
A higher prevalence of H. canis has been reported in stud-
ies from Colombia (Vargas-Hernández et al., 2012) and
Venezuela (Criado-Fornelio et al., 2007), with 31.8% and
44% prevalence of infection, respectively. Infection with H.
canis, as in the case of B. vogeli-infection, can be explained
by the widespread prevalence of its main vector R. sang-
uineus s.l. in Costa Rica. No other Hepatozoon spp. were
detected in our study, supporting the notion that canine
H. americanum infection is restricted at the moment to
the United States and has not reached Costa Rica (Baneth,

2011). Infection with H. canis has been mostly associated
with subclinical to mild infection (Baneth, 2011), which is
in agreement with the lack of clinical signs found in dogs
infected only with H. canis in the present study.
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This study has indicated that there is a high preva-
ence of infection with E. canis in dogs within the studied
eographical areas from Costa Rica since more than a
hird of the studied dogs were positive for this pathogen.
igh E. canis-prevalences of infection of 40.6% and 31% by
olecular detection have been reported from Colombia

Vargas-Hernández et al., 2012), and Venezuela (Unver
t al., 2001), respectively. A previous report by Romero
t al. (2011) found a 47.7% prevalence of infection among
10 dogs with suspected monocytic ehrlichiosis from a sin-
le region of Costa Rica. The lower prevalence of infection
btained in the present study may  be explained by the
ampling of dogs that were not suspected for disease, and
lso by sampling from different regions in Costa Rica, where
revalence of infection may  be different. It is important to
ention that a zoonotic E. canis strain has been described

n Venezuela (Perez et al., 2006) and thus further studies
re needed to evaluate the relatedness of the strains of E.
anis circulating in Costa Rica and other countries in the
merican continent to this zoonotic strain. The associa-

ion found between E. canis infection and the presence of
linical abnormalities such as fever and anemia is in agree-
ent with previous descriptions of this disease (Harrus and
aner, 2011).
Anaplasma platys was detected in 9.6% of the dog sam-

les which is a higher prevalence of infection than 6.3%
ound in a previous report of this rickettsial pathogen in
ogs from Costa Rica (Abrego et al., 2009). Interestingly,
he dogs in the present study found infected only with A.
latys presented lethargy, poor body condition and ane-
ia. The presence of anemia in these dogs differed from

ndings described in a study conducted with dogs exper-
mentally infected with A. platys and E. canis (Gaunt et al.,
010) in which dogs infected only with A. platys were not
nemic and had normal hematocrit values. The presence
f anemia in dogs infected with A. platys from Costa Rica
an possibly be explained by infection with a more viru-
ent strain of this rickettsia circulating in Costa Rica, or by
ome other undetected infection or medical condition in
hese infected dogs. A. platys infection associated with more
evere clinical manifestations to those reported in the USA
as been described in Greece and Israel and suspected to
e caused by more virulent strains of this rickettsia (Harrus
t al., 1997; Kontos et al., 1991).

The present study has also determined that co-infection
n dogs infected with tick-borne pathogens including E.
anis, B. vogeli, A. platys and H. canis is associated with
ore severe anemia. This highlights the consequences of

o-infection and the importance of screening for more than
ne pathogen in the veterinary practice, hence an efficient
reatment can be administered. The fact that co-infected
ogs were significantly younger than uninfected dogs or
hose with a single infection may  be explained by a greater
ensitivity of young dogs to tick-borne infections and a pos-
ible resistance developed in older dogs who may  have
urvived exposure to these pathogens at an earlier age
Otranto et al., 2010).
No Leishmania spp. infection was detected in the blood,
kin and conjunctival swabs from the sampled dogs in
his study. Leishmania infantum, the etiological agent of
anine leishmaniasis and human visceral leishmaniasis, has
logy 199 (2014) 121– 128 127

been detected sporadically in Costa Rica. A case of canine
leishmaniasis was reported three decades ago in a dog
imported from Spain (Mendoza et al., 1983). In addition,
in 1999 a case of visceral leishmaniasis in a child was
detected for the first time in the region of Liberia, Gua-
nacaste, which was  sampled in this study (Carrillo et al.,
1999). Costa Rica is endemic for cutaneous leishmaniasis
caused by L. panamensis and L. braziliensis in humans with
a reported incidence of 41 per 100,000 inhabitants in 2007
(Jaramillo-Antillón et al., 2009). Nevertheless, the absence
of Leishmania spp. in the sampled dogs suggests that dogs
are not an important host of this protozoon in Costa Rica.
However, dogs and other animals from other regions of the
country must be tested, in order to support this assump-
tion.

This study detected the tick A. ovale only on dogs from
the Caribbean coast of Costa Rica, while R. sanguineus s.l.
was found in our study to be widespread and present on
both coasts. This could be due to a difference in the environ-
mental conditions between the coasts. However, sampling
of more regions is necessary in order to sustain this find-
ing, since this tick was  found on both coasts in Panamá
(Bermúdez and Miranda, 2011). A. ovale has been shown to
be a vector of H. canis in Brazil (Rubini et al., 2009) but has
not been associated with other vector-borne infections of
dogs. This explains why  R. sanguineus s.l. and not A. ovale
was associated with E. canis, B. vogeli and A. platys in the
present study. Although A. platys has not been proven to be
transmitted by R. sanguineus s.l., it has been suspected to
be its most likely vector (Costa-Junior et al., 2013).

5. Conclusions

The present study demonstrated that dogs in Costa Rica
are frequent hosts of vector-borne pathogens and that
infection and co-infection are associated with severe ane-
mia  and clinical manifestations. The confirmation of canine
babesiosis and hepatozoonosis, and the high prevalence
of canine ehrlichiosis and thrombocytic anaplasmosis in
Costa Rica should be brought to the attention of veterinar-
ians and dog owners in order to decrease the burden of
these diseases among dogs.
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