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ABSTRACT

Background: Tickborne diseases are frequent in tropical countries such as Brazil. Protozoa of the Babesia genus and bac-
teria of the Ehrlichia genus spread throughout the country with high prevalences in urban and rural areas, causing clinical 
or subclinical diseases in dogs. This study aimed to investigate the prevalence of infection from Babesia spp. and Ehrlichia 
chaffeensis in the dog population in the municipality of Ituberá, Bahia, Brazil, and to verify the risk factors associated with 
the infections. 
Materials, Methods & Results: A cross-sectional study was conducted, consisting of the following procedures: clinical 
examination and blood samples collection from 380 dogs and application of a structure questionnaire to dog owners to col-
lect epidemiological data. All dogs were evaluated for the presence of ticks and clinical signs associated with the infections. 
Blood samples were collected and tested for Babesia spp. through capillary blood smears, indirect immunofluorescence 
assays (IFAT), and polymerase chain reaction (PCR); all the samples were also tested for E. chaffeensis through nested PCR. 
Intra-erythrocyte piroplasms were visualized in the blood smears of two animals (2/380; 0.5%) in the cytology exams. Anti-B. 
canis antibodies were detected in 140/380 (36.8%) dogs, at 1:40 dilution. By PCR, 147/380 (38.7%) dogs tested positive for 
infection by Babesia sp., but no animal was infected by E. chaffeensis. Only 115/380 dogs (30.3%) were infested by ticks. 
In total, 223/380 dogs (58.7%) were found infected by Babesia spp. No clinical signs were it found to be significant for the 
infection. The infected (Ht = 40%) and uninfected dogs’ (Ht = 39%) hematocrit averages were not found to significantly 
differ (P = 0.47). No hematological changes were found to be significant for the disease. The evaluated variables sex, habitat 
(urban or rural), exposure to other dogs, age, and infestation by ticks were not found to be risk factors. The condition of semi-
restriction of 175/223 (78.4%) dogs was found as a risk factor for the infection (P = 0.01; OR = 1.75; IC 95% = 1.10-2.78). 
Discussion: The low detection from blood smears was inferior to the lowest prevalences found in Brazil. On the other hand, 
the high seroprevalence rate by IFAT observed in this study was found in other Brazilian states.  The low infection preva-
lence in the cytologic analysis associated with high seroprevalence are characteristics of chronic or subclinical infections. 
The high seroprevalence rates may also indicate chronicity and/or subclinical disease when associated with low parasitemia 
and may also be indicated by the low title variation observed. In this study, some dogs that tested positive for Babesia by 
serology tested negative in the PCR, which suggests a previously exposure to this pathogen and maintenance of detectable 
levels of antibodies, or that they were subclinical or chronic carriers of the infection. The equal hematocrit averages of dogs 
either carrying or not the disease suggests that the infected animals, especially the seemingly healthy dogs, are subclinical 
or chronic carriers, either asymptomatic or otherwise, that are adapted to the disease, which may contribute to the agent 
remaining in this population. The fact that no clinical sign of hematological change was significant for the infection may 
demonstrate the low pathogenicity of this agent in the evaluated population. The semi-restricted condition of the dogs as a 
risk factor is probably due to the increased exposure of these animals to canine babesiosis vectors during their movement 
through different neighborhood areas and villages in the municipality. The combination of diagnostic methods is important 
to identify the infection and determine its prevalence in epidemiological studies. Also, PCR was fundamental in this study, 
to identify the infection in asymptomatic dogs.
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INTRODUCTION

Canine babesiosis and ehrlichiosis are tick-
-borne parasitic disease caused by an intra-erythrocyte 
protozoan of  the Babesia genus and a gram-negative 
intracellular bacteria of the Ehrlichia genus, respec-
tively. The disease affects domestic and wild canids, 
and these become infected when bit by ticks [27,40]. 
E. chaffeensis is considered a zoonotic disease and no 
molecular diagnosis of dog infection has been reported 
in Brazil [27]. 

Babesiosis is an endemic disease in Brazil 
[7,10,11,25,33]. E. chaffeensis, in turn, has been 
reported in regions of the United States of America 
(USA), and is associated with the presence of vector 
Amblyomma americanum [16]. 

Babesiosis prevalence ranges from 0.97% [26] 
to 81.6 % [13], depending on the locations, studied 
populations, and diagnostic tests chosen [35]. 

 The most frequent clinical signs in dogs 
infected by Babesia spp. include pale mucous mem-
branes, apathy, anorexia, fever, dehydration, weight 
loss, abdominal pain, and tenderness following kidney 
palpation [6,18,20]. Hematological changes such as 
normocytic hypochromic anemia, polychromasia, 
anisocytosis, neutrophilic leukocytosis, monocytosis, 
lymphopenia [20], leukopenia, pancytopenia [22], 
regenerative hemolytic anemia [12], and thrombocyto-
penia [12,22,32]. E. chaffeensis did not develop subs-
tancial clinical or hematologic abnormalities in dogs, 
but in human can lead to death. The dogs play a role 
as human reservoirs [8,31]. 

Considering the lack of studies on these two 
related agents in the region, this study aimed to investi-
gate the occurrence of infection from Babesia spp. and 
Ehrlichia chaffeensis in dogs from southeastern Bahia 
state, to determine, possible risk factors associated with 
the infection, and to identify the dogs’ clinical and 
hematological manifestations. It´s important elucidate 
that this is the first report of this agents in that region.

MATERIALS AND METHODS

Studied Area 

A cross-sectional study was conducted in the 
municipality Ituberá (Figure 1), located in Southern 
Meso-region of Bahia, Micro-region of Valença (13°43ʹ 
S, 39°08ʹ W), inside the Atlantic Forest biome. The 
municipality has a total area of 417,274 Km², a total 

approximate population of 26,591 inhabitants, and a 
population density of 63.73 inhabitants/km² [21]. The 
region has a humid tropical climate, with an average 
temperature of 25.3°C, an annual temperature range 
of 5.6°C, and annual rainfall rates between 1,800 and 
2,400 mm, distributed throughout the year. 

Animals

The study consisted of clinical examination 
of the canine population, blood sample collection and 
application of a structured questionnaire to dog owners. 
All households were visited in the nine investigated 
locals, which were Colônia, Índios, Pedreiras, Prainha, 
Santo André and Vila Itajaí, on the urban area, and Km 
22, Lagoa Santa and Vila Itaberoê, on the rural area. 
The dogs were included in the study after their owners 
approved it. The sample size of the dog was calculated 
through Epi Info 3.5.3 software1, considering the size 
of  Ituberá’s dog population as 10% the human popu-
lation in the municipality [9], a prevalence rate 50%, 
a confidence interval of 95%, and an error margin of 
5%. In all households only one dog was evaluated and 
the animal was selected by the owner.

Collection of data and sample

All dogs included in this study were evaluated 
for presence of ticks and clinical signs, such as anemia, 
anorexia, ocular and oral mucous membranes pallor, 
weight loss, diarrhea, vomiting, dehydration, lympha-
denopathy and fever [1,13,18,20,36]. The data were 
entered in individual sheets. The information provided 
by the dog owners refers to occurrences during the 
month in which the investigation was carried out.

Additionally, the dog owners answered a 
structured questionnaire to determine the risk factors 
associated with the infection. The variables tick infes-
tation, habitat, level of restriction, contact with other 
dogs, age, and sex were evaluated [10,19,33,34].

Collection of biological samples

Blood samples were taken from the dogs’ ears, 
to prepare capillary blood smears. Furthermore, 5 mL 
peripheral venous blood was collected from each dog 
through their cephalic or jugular vein, and it was stored 
in tubes with and without EDTA. 

Hematological analysis

The analyses were conducted in the State 
University of Santa Cruz’s (UESC) Veterinary Hos-
pital’s Clinical Pathology Laboratory and Animal 
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Genetics Laboratory. The samples in tubes without 
EDTA were used in serological analyses, whereas the 
ones with EDTA were used for hematologic analysis 
and later for molecular analysis. The hematological 
parameters evaluated were analyzed through a cell 
counter (ABC Vet® Automatic Blood Cell Counter)1. 
Anemia, leukocitosis, leukopenia, and thrombocytope-
nia [2,20,22,23] were considered as babesiosis-related 
changes. Animals of hematocrit below 37% were con-
sidered as anemic, animals with platelet counts below 
2 x 105/mL were considered thrombocytopenic, and 
the ones with global leukocyte counts below 7 x 103/
mL were considered leukopenic. 

Cytologic examination

Capillary blood smears were prepared to iden-
tify intra-erythrocyte Babesia piroplasms. They were 
stained with Diff-Quick dye and analyzed in an optic 
microscope (Primo Star® ZEISS)2 in a 100x objective 
lens (immersion).

Detection of anti-Babesia canis antibodies

Anti-Babesia canis antibodies were detected 
through IIFA, by using slides containing Babesia mero-
zoites (Immunodot)3, control serum of previously kno-
wn titrations, and anti-dog serum coupled with fluores-
cein isothiocyanate F-7887TM (Sigma-Chemical)4. The 
initial dilution was 1:40 [10] and the positive samples 
were retested, albeit in two-fold serial dilutions until ne-
gative. The reading was conducted through a trinocular 
epi-fluorescence microscope (Olympus DP71)5 using 
a 40X objective lens. The serum samples of titrations 
equal to or greater than 1:40 were considered positive.

DNA extraction and PCR

After the hematological step, the blood sample 
was centrifuged (LS - 3 Plus®)6 at 1,650 x g for 10 min, 
from where the leukocyte and blood cell layers were 
taken from; these were later identified and frozen at 
-20oC until being processed. DNA from the total blood 
layer was extracted to conduct the PCR of Babesia, and 
DNA from the leukocyte layer was extracted to conduct 
the PCR for E. chaffeensis. The kit (Easy-DNA® kit)7 

was used for both, as recommended by its manufacturer.
In order to amplify the rRNA 18S gene of 

Babesia spp., we used primers Bab7 (5’-GGC TAC 
CAC ATC TAA GGA AG-3’) and Bab9 (3’-CTA AGA 
ATT TCA CCT CTG ACA G-5’) [15], which amplify 
a fragment with 490 base pairs.

The PCR mix was prepared for a final volume 
of 25 µL [14], with the changes as follows: 1× PCR 
buffer; 2.5 mM magnesium chloride; 0.2 mM dNTP; 
0.4 µM Bab7 forward primer; 0.4 µM Bab9 reverse 
primer, and 1.5 U Taq DNA polymerase7.  Five µL 
of the DNA sample was used, once the quantification 
indicated a low DNA concentration in the samples. The 
amplification was performed in thermal cycler (Veriti® 

Thermal Cycler)8 by using the following protocol: 
initial denaturation step at 94°C for 1 min; 35 cycles 
of denaturation at 94°C for 30 s; annealing at 59°C 
for 30 s, and extension at 72°C for 2 min; and final 
extension at 72°C for 7 min. The positive control slide 
was prepared from a Babesia canis isolate from a dog 
tested positive. Ultrapure water was used as a negative 
control. The amplicons (10 µL/sample) were visualized 
through an ultraviolet transilluminator (L.PIX®)9 in 2% 
agarose gel in 1x TAE buffer and photographed. The 
gels were stained with 0.1 µg.mL–1 of SYBER® Safe 
DNA Gel Stain7.

To amplify DNA from genus Ehrlichia, we 
used primers ECC (5-AGAACGAACGCTGGCGG-
CAAGC-3) and ECB (5- CGTATTACCGCGGCTGC-
TGGCA-3), which amplify part of the 16S rRNA gene 
from Ehrlichia spp. [4]. Later, to identify E. chaffeensis 
species, we used primers HE1 (5´-CAA TTG CTT ATA 
ACC TTT TGG TTA TAA AT-3´) and HE3 (5´-TAT 
AGG TAC CGT CAT TAT CTT CCC TAT- 3´), which 
amplify a fragment with 389 base pairs [4].

In order to calculate the PCR mix, we used 5 
µL purified DNA, 0.4 mM of each primer (ECC and 
ECB), 200 mM of each dNTP, 5 mMMgCL2, 1.6 x 
PCR buffer 7, and 2.5 U Taq DNA polymerase7 and 
obtained a total final volume of 25 µL. The thermal cy-
cler programming for identifying the genetic sequence 
of genus Ehrlichia spp. consisted of denaturation for 
5 min at 94°C, followed by 40 denaturation cycles at 
94°C for 1 min, annealing at 68°C for 1 min and 30 s, 
and, finally, extension at 72°C for 2 min. For the nested 
PCR, we used 1 µL of the amplicon that resulted from 
the first PCR reaction, as well as 0.2 mM of each HE1 
and HE3 primer, to identify the genetic sequence of E. 
chaffeensis. The thermal cycler programming for the 
second reaction consisted of denaturation for 3 min 
at 94°C, followed by 40 denaturation cycles at 94°C 
for 1 min, annealing at 55°C for 1 min and 30 s, and, 
finally, extension at 72°C for 1 min and 30 s [24]. The 
positive control was given by Prof. Rosângela Zacha-
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rias Machado, from “Júlio de Mesquita Filho” São 
Paulo State University, Jaboticabal campus. Ultrapure 
water was used as the negative control. The amplicons 
were visualized through an ultraviolet transillumina-
tor (L.PIX®)9 in 2% agarose gel in 1x TAE buffer, and 
photographed. The gels were stained with 0.1 µg.mL–1 

of SYBER® Safe DNA Gel Stain7.

Data Analysis

The data were compiled and analyzed through 
Epi Info™ software version 3.5.4 (CDC)10.

The association of infection from Babesia spp. 
with the clinical and hematological changes and the 
risk factors was verified through univariate analysis 
(Pearson’s chi-squared test and Fisher’s exact test) at 
a 5% significance level, from a 95% confidence level. 
T test was used to compare the hematocrit averages of 
infected and uninfected animals.

RESULTS

Among the 380 dogs evaluated, 326 (85.8%) 
came from urban areas and 54 (14.2%) came from 
rural areas, 237 (62.4%) were males and 143 (37.6%) 
were females, 265/380 dogs (69.7%) were between 
1-4 years old, 115/380 dogs (30.3%) were older than 
four years old and 115 (30.3%) were infested by ticks.

In the cytologic analysis for diagnosing Babe-
sia spp., intra-erythrocyte piroplasms were visualized 
in 2/380 of the blood smears (0.5%). Anti-B. canis 
antibodies were detected in 140/380 of the evaluated 
animal (36.8%), at 1:40 dilution. In the subsequent 
dilutions, 1:80 and 1:160, 30 positive dogs (7.9%) and 
seven positive dogs (1.8%) were respectively observed. 

By PCR, 147/380 (38.7%) dogs were detected 
positive by Babesia spp. (Figure 2), but no animals 
were tested positive for E. chaffeensis infection.

To perform the analysis of data from  physical 
examinations and hematologic analyses were conside-
red all positive dogs in at least one of the diagnostic 
tests used, totaling 223 dogs (58.7%) infected by 
Babesia spp.

Among those 115 dogs infested by ticks, 68 
dogs (30.5%) were positive to Babesia spp. Among the 
223 dogs infected by Babesia spp., 36 (16.1%) were 
not observed to have clinical signs or hematological 
alterations. Clinical signs were only found in 14 dogs 
(6.3%), hematological alterations (thrombocytopenia, 
anemia, leukopenia and leukocytosis) were found in 
105 (47.1%) dogs, and 66 dogs (29.6%) were observed 

to have clinical signs associated with one or more he-
matological alterations. Upon classifying the positive 
dogs in groups of symptomatic and asymptomatic 
animals, we observed that 80/223 dogs (35.8%) had 
clinical signs that were either associated or not with 
hematological alterations, and that 141/223 (63.2%) 
of the dogs were asymptomatic. Among the 223 dogs 
positive for Babesia spp., 16/223 (7.2%) were dehydra-
ted, 13/223 (5.8%) had diarrhea, 19/223 (8.5%) were 
vomiting, and 53/223 (23.7%) were found to have 
lymphadenopathy. However, no clinical signs were 
found to be significant for the infection.

We observed hematological abnormalities (ei-
ther associated or not with clinical signs) in 171/223 
(76.7%) of the infected dogs. Among these changes, 
we found that 113/223 (50.6%) dogs were throm-
bocytopenic, 78/223 (34.9%) were anemic, 60/223 
(26.9%) had leukocitosis, and 12/223 (5.4%) dogs had 
leukopenia. The infected (Ht = 40%) and uninfected 
dogs’ (Ht = 39%) hematocrit averages were not found 
to significantly differ (P = 0.47). No hematological 
changes were found to be significant for the disease.

Variables sex, habitat (urban or rural), exposure 
to other dogs, age, and infestation by ticks were not 
found to be risk factors. The variable “level of res-
triction” was established to evaluate whether longer 
exposure to vectors was a risk factor in this condition. 
Among the positive animals, 175/223 (78.4%) were 
semi-restricted, and this is a risk factor for the infection 
(P = 0.01) [Table 1].

DISCUSSION

The absence of infection by Ehrlichia chaffe-
ensis in our study corroborates the literature, which 
currently mentions the inexistent description of Bra-
zilian dogs that are positive to the agent by molecular 
diagnosis [17]. 

The underdetection of babesiosis from blood 
smears (0.5%) was inferior to the lowest prevalences 
found in Brazil, which are described in previous stu-
dies [7,15,33], which found the presence of Babesia 
merozoites in 2.2%, 3.9%, and 3.3%, respectively. 
Low infection prevalence in the cytologic analysis as-
sociated with high seroprevalence, as in this study, are 
characteristics of chronic or subclinical infections [3]. 

The high seroprevalence rate by IFAT observed 
in this study was also found in Minas Gerais state, where 
28.7% of the dogs evaluated were seropositive [10]. 
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Table 1. Bivariate analysis of the factors associated with infection by Babesia spp. in dogs from southeastern Bahia, Brazil.

Variable N n(%) Infected P Value OR 95% IC

Age Range
1 – 4 years 265 155(58.5) 0.99 0.97 0.62-1.52

> 4 years 115 68(59.1)

Contact with
other dogs

Yes 279 163(58.4) 0.95 0.96 0.60-1.52

No 101 60(59.4)

Infestation by ticks
Yes 115 68(59.1) 0.99 0.97 0.62-1.52

No 265 155(58.5)

Level of restriction
Restrict 99 48(48.5) 0.02* 1.75 1.10-2.78

Semi-re-
stricted

281 175(62.3)

Location
Urban 326 195(59.8) 0.34 1.38 0.77-2.46

Rural 54 28(51.9)

Sex
F 143 85(59.4) 0.95 0.90 0.62-1.45

M 237 138(58.2)
N = number of animals, OR = odds ratio, F = female, M = male, (*) Signifi cant difference P < 0.05.

Figure 1. Location map of the municipality of Ituberá.

Figure 2. Detection of Babesia spp. through PCR. Amplifi cation of a region of 490 bp, regarding 18S rRNA gene, conducted with Bab7 
and Bab9 primers. Line 1: 1 kb Plus DNA Ladder Molecular Marker. Line 2: positive control. Lines 3 to 5: blood samples positive for 
Babesia spp. Lines 6 and 7: negative samples. Line 8: negative control.
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Higher rates were also found with 73.3% seropositive 
dogs among dogs treated in nine veterinary clinics from 
Minas Gerais, with clinical signs that matched infection 
from Babesia spp. [19]. This population differs from the 
one investigated in this study, in which dogs were selec-
ted regardless of clinical complaints, which justifies a 
lower rate in the serologic analysis. High seroprevalence 
rates may also indicate chronicity and/or subclinical 
disease when associated with low parasitemia. Such 
condition may also be indicated by the low title variation 
observed (1:40 - 1:160), which is commonly found four 
to five months after the infection [39].

In this study, 75/140 (53,6%) of the dogs tested 
positive for Babesia by serology tested negative in the 
PCR, which suggests these dogs had previously been 
exposed to this pathogen and maintained detectable 
levels of antibodies, or that they were subclinical or 
chronic carriers of the infection. Such observation 
indicates that the associated use of serological and 
molecular techniques may be useful in the identifica-
tion of positive animals in the subclinical or chronic 
forms of the disease, as found in this study. Besides 
that, the high number of positive dogs following PCR 
demonstrates that this method was an important tool 
for detecting the disease in asymptomatic dogs.

The fact that a high number of positive and 
asymptomatic dogs were observed in this study sug-
gests the presence of subclinical or chronic forms of 
the disease in the studied population, which is charac-
teristic of endemic areas [3]. This is the predominant 
infection form in Brazil [40]. Also, most animals that 
carry the subclinical or chronic form of the disease 
may appear seemingly healthy [35]. Furthermore, the 
latent phase of the infection results in a small number 
of hyperacute and acute cases, as observed in this study 
as well. Besides that, the equal hematocrit averages of 
dogs either carrying or not the disease suggests that 
the infected animals, especially the seemingly healthy 
dogs, are subclinical or chronic carriers - either asymp-
tomatic or otherwise - that are adapted to the disease, 
which may contribute to the agent remaining in this 
population. Besides that, the fact that no clinical sign of 
hematological change was significant for the infection 
may demonstrate the low pathogenicity of this agent 
in the evaluated population.

During the collection of samples, we observed 
that all urban neighborhoods in the municipality had ru-
ral characteristics, including the presence of vegetable 

gardens and/or farm animal pens. In this case, the high 
infection prevalence may be related to the rural profile 
of the municipality, as also observed in previous studies 
with dogs from Brazilian rural communities [10,29,33].

In this study, the variables sex, age, infestation 
by ticks, habitat, and exposure to other dogs were not 
found to be risk factors. Such observation corroborates 
the data from other studies conducted in the country 
[10,19,28,30,33,34,37,38]. In regards to the age varia-
ble, our results disagreed with the results in literature 
[10,12,37], whose state that seroprevalence is higher in 
adult animals. The mismatched information regarding 
age variable points, towards a need for more detailed 
studies to clarify whether this variable is associated 
with infection from Babesia spp. 

The majority of the dogs in this study had a 
low level of restriction and it was hence classified 
semi-restricted dogs. This condition was conside-
red a risk factor (P = 0.01) and is probably due to 
the increased exposure of these animals to canine 
babesiosis vectors, once these dogs moved freely 
through different neighborhood areas and villages in 
the municipality.

CONCLUSIONS

Infection from Babesia spp. is present in 
southeastern Bahia’s canine population, and it mainly 
manifests itself in the subclinical form. In Ituberá, 
raising dogs in a semi-restricted ways constitutes a risk 
factor for the infection. Combining diagnostic methods 
is important to identify the infection and determine 
its prevalence in epidemiological studies. PCR was 
fundamental in this study, to identify the infection in 
asymptomatic dogs.

Despite no animals having been diagnosed 
with infection by Ehrlichia chaffeensis, studies must be 
conducted to identify this bacterium due to its zoonotic 
potential, by establishing effective diagnostic methods 
and active surveillance for the disease, as it can arise 
in an emerging way.
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