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Highlights

High frequency of dogs infected with E. canis in Porto Seguro.

Thrombocytopenia was the main hematological alteration identified.

Dogs positive for E. canis are six times more likely to have thrombocytopenia.

Living in urban areas and the presence of ticks were identified as risk factors.

Living near deforested areas and being kept indoors were protective factors. 

Abstract

This cross-sectional observational study aimed to investigate the frequency, associated factors, and 

assess the hematological and biochemical alterations of E. canis infection in 396 healthy, household 

dogs in Porto Seguro, Bahia. In addition to blood sample collection, further information on the dogs’ 

intrinsic and extrinsic characteristics was obtained through semi-structured interviews with their 

owners to identify factors associated with infection. DNA extraction from blood samples and testing 

for E. canis were performed using the nested PCR technique. The frequency of E. canis found was 
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30.8% (122/396). It was observed that thrombocytopenia (p<0.05) was the most evident hematological 

alteration among dogs infected with E. canis. It was also found that positive dogs are more likely to 

have thrombocytopenia, leukopenia, and anemia than negative animals (p<0.05). The logistic regression 

model revealed the presence of ticks (odds ratio [OR] = 1.66; confidence interval [CI]: 1.05 - 2.63; p-value 

= 0.03) and living in urban areas (OR = 1.90; CI: 1.19 - 3.04; p-value = 0.007) were risk factors for infection, 

while living near deforested areas (OR = 0.56; CI: 0.31 - 0.99; p-value = 0.05) and being kept indoors (OR = 

0.51; CI: 0.31 - 0.85; p-value = 0.01) were identified as protective factors. The high frequency of E. canis, 

combined with thrombocytopenia and associated factors that signal the need for tick control measures 

and diagnostic testing for the infection, contribute to a better understanding of the local epidemiology 

of the infection.

Key words: Ticks. Tick-borne disease. Canine Monocytic Ehrlichiosis. Thrombocytopenia.

Resumo

Este estudo observacional transversal teve como objetivo investigar a frequência, fatores associados 

e avaliar as alterações hematológicas e bioquímicas da infecção por E. canis em 396 cães saudáveis 

e domiciliados do município de Porto Seguro, Bahia. Além da coleta de amostras de sangue, foram 

obtidas informações adicionais sobre características intrínsecas e extrínsecas dos cães por meio de 

entrevistas semiestruturadas com seus tutores, a fim de identificar os fatores associados à infecção. 

Foi realizada a extração de DNA das amostras de sangue e pesquisa de E. canis pela técnica de nested 

PCR. A frequência de E. canis encontrada foi de 30,8% (122/396). Observou-se que a trombocitopenia 

(p<0,05) foi a alteração hematológica mais evidente entre os cães infectados por E. canis. Verificou-se 

que cães positivos possuem maior probabilidade de terem trombocitopenia, leucopenia e anemia em 

comparação aos animais negativos (p<0,05). Por meio do modelo de regressão logística, identificou-se 

que a presença de carrapatos (odds ratio [OR] = 1,66; intervalo de confiança [IC]: 1,05 - 2,63; valor p = 

0,03) e residir na zona urbana (OR = 1,90; IC: 1,19 - 3,04; valor p = 0,007) foram fatores de risco para a 

infecção, enquanto morar próximo a áreas desmatadas (OR = 0,56; IC: 0,31 - 0,99; valor p = 0,05) e ter 

hábito domiciliar (OR = 0,51; IC: 0,31 - 0,85; valor p = 0,01) foram identificados como fatores de proteção. 

A elevada frequência de E. canis, combinada com a trombocitopenia e fatores associados que sinalizam 

para adoção de medidas de controle de carrapatos e diagnóstico da infecção, contribuem para uma 

melhor compreensão da epidemiologia local da infecção.

Palavras-chave: Carrapatos. Doença transmitida por carrapatos. Erliquiose monocítica canina. 

Trombocitopenia.

Introduction

Ehrlichia canis is the main etiological 
agent of canine monocytic ehrlichiosis (CME) 
(Mylonakis & Theodorou, 2017; Sainz et al., 
2015). Infection by this pathogen in dogs has 

been widely reported worldwide (Cordeiro et 
al., 2020; Díaz-Regañón et al., 2020; Dordio et 
al., 2021; Qiu et al., 2018; Rodríguez-Alarcón 
et al., 2020; Springer et al., 2019). In Brazil, E. 
canis infection has been identified in all five 
geographical regions (Guimarães et al., 2021; 
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Lopes et al., 2018; Paschoal et al., 2020; 
Paulino et al., 2018; Soares et al., 2017), with 
the tick Rhipicephalus sanguineus sensu lato 
(s.l.) recognized as the main biological vector 
of the disease (Gray et al., 2013; Moraes et 
al., 2011; Soares et al., 2020).

CME is a multisystemic disease 
characterized by nonspecific clinical signs 
(Harrus & Waner, 2011), which may overlap 
or vary depending on the disease stage. 
The most common clinical manifestations 
in both the acute and chronic phases 
include high fever, depression, lethargy, 
anorexia, lymphadenopathy, splenomegaly, 
bleeding, pale mucous membranes, ocular 
and neurological alterations (Aroch et al., 
2018; Mylonakis et al., 2004; Parashar et 
al., 2016; Rungsipipat et al., 2009; Veloso et 
al., 2018). In the subclinical phase, dogs are 
asymptomatic but can be persistent carriers 
of the pathogen for years (Harrus et al., 1998; 
Nelson & Couto, 2015; Waner et al., 1997). 
At this stage, the infection may either be 
resolved or progress to the chronic phase, 
while in severe cases, high mortality rates 
occur due to septicemia, uremia, or severe 
bleeding (Mylonakis et al., 2004).

Thrombocytopenia is the most 
common hematological alteration in dogs 
infected by E. canis, reported in all stages 
of the disease (Bulla et al., 2004; Harrus et 
al., 1996b; Mylonakis et al., 2004; Waner et 
al., 1997). Anemia and leukopenia are also 
among the main laboratory findings, with 
neutropenia being the primary alteration in the 
specific leukocyte count (Castro et al., 2004; 
Mylonakis et al., 2004; Rungsipipat et al., 2009). 
Dogs with CME may also exhibit biochemical 

abnormalities, such as hyperproteinemia, 
hyperglobulinemia, hypoalbuminemia, 
hypergammaglobulinemia, and increased 
levels of alkaline phosphatase (AP) and 
alanine aminotransferase (ALT) (M. de P. 
Costa et al., 2015; Harrus et al., 1996a; 
Rungsipipat et al., 2009).

Intrinsic factors of the dog, such as 
age, gender, sex, and breed, and extrinsic 
factors, such as tick infestation, interaction 
with other dogs, access to the outdoors 
and habitat, have been investigated in 
epidemiological studies in various regions of 
Brazil and abroad (Avizeh et al., 2010; Cordeiro 
et al., 2020; Guedes et al., 2015; Harrus et 
al., 1997; Paulino et al., 2018). The study of 
factors associated with E. canis infection 
allows the understanding of the dynamics of 
CME and directs more effective measures in 
the control and prevention of this infection.

Infected dogs play a crucial role as 
reservoirs for this pathogen, and it can also 
impact other mammal species (Oliveira et al., 
2020; Mazzotti et al., 2018; Perez et al., 2006). 
The confirmation that E. canis is a zoonotic 
agent highlights the need for public health 
policies due to the close interaction among 
humans, dogs, and vectors (Bouza-Mora et 
al., 2017; Bowser & Anderson, 2018; Perez 
et al., 2006). Diagnosing E. canis infection in 
dogs is essential to prevent complications, 
halt disease progression, promote One 
Health, and understand the pathogen’s 
epidemiology. This study aimed to determine 
the frequency of E. canis, analyze the 
hematobiochemical profile, and identify 
factors associated with infection in dogs 
from the municipality of Porto Seguro-BA.
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Material and Methods

Study location and sample population

An observational cross-sectional 
study was conducted in the city of Porto 
Seguro, located in the far southern region of 
Bahia, Brazil (Latitude: 16°27’04” S, Longitude: 
39°03’53” W). The city is fully encompassed 
within the Atlantic Forest biome and has an 
estimated population of 167,955 people, 
covering a total area of 2,285.734 km², with 
a population density of 73.48 inhabitants 
per km² (Instituto Brasileiro de Geografia e 
Estatística [IBGE], 2023). 

The sample was calculated using 
Epi Info 3.5.3TM software. A 95% confidence 
interval and a 50% prevalence rate were 
considered, with a margin of error of 5%. 
Furthermore, the canine population in Porto 
Seguro was estimated to be 10% of the 
human population in the municipality, as 
indicated by Escobar Cifuentes (1988). The 
collections were conducted for convenience 
and, through strata covering rural and urban 
areas, proportionally to the population of 
each district. This stratification was based 
on the number of dogs vaccinated against 
rabies during the campaign carried out in 
the municipality in 2016, using data from 
epidemiological surveillance. From March 
to November 2017, 225 blood samples 
were collected in Porto Seguro (main city), 
63 in Trancoso, 46 in Arraial D’ajuda, 17 in 
Agrovila, 16 in Pindorama, 14 in Vera Cruz, 
nine in Imbiruçu, four in Vale Verde, and two 
in Caraíva. Porto Seguro (headquarters) is 
classified as an urban area, while the other 
locations are considered rural areas of the 
municipality.

This study was approved by the 
Ethics Committee for Animal Use (CEUA) of 
the State University of Santa Cruz located in 
the city of Ilhéus, Bahia, Brazil, under protocol 
numbers 022/16 and 004/21.

Epidemiological data collection

To identify potential factors 
associated with E. canis infection, 
information on dogs was gathered, including 
their profile (name, breed, gender, and age), 
residence characteristics, history regarding 
tick presence, use of ectoparasiticides, 
and veterinary follow-up. Aspects of the 
dogs’ lifestyles, such as their access to 
the outdoors, being kept indoors, and 
whether they slept indoors, were analyzed. 
Additionally, potential contact with other 
animals was documented. This information 
was obtained through semi-structured 
interviews conducted with the dog owners by 
the same interviewer, who was a veterinarian.

Biological sample collection

Following physical restraint, 5 mL 
of blood were rawn from each dog through 
venipuncture of either the jugular or cephalic 
vein. Of the total volume collected, 3 mL were 
placed into tubes containing EDTA, while 2 
mL were dispensed into tubes without the 
addition of an anticoagulant.

Hematological and serum biochemical 
analysis

The complete blood count was 
performed using the URIT 3000 PLUS 
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Veterinary™ automated analyzer (URIT 
Medical Electronic Co., Ltd., Guilin, China). 
Whole blood smears were prepared and 
stained with Rapid Panoptic® (Laborclin, 
Pinhais, Paraná, Brazil) for differential 
leukocyte counts, morphological 
observation of blood cells, and the detection 
of hemoparasites via optical microscopy. 
Total plasma protein (TPP) concentrations 
were determined using a manual clinical 
refractometer. The reference ranges applied 
for the CBC were those recommended by 
Jain (1993).

The serum was extracted from samples 
without anticoagulant for the determination 
of serum urea, creatinine concentrations, 
and the activity of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), 
and alkaline phosphatase (ALP). The serum 
biochemistry was performed on a semi-
automatic biochemical analyzer BA88® 
(Bioclin, Belo Horizonte, Minas Gerais, Brazil) 
using commercial biochemical reagents 
(Bioclin®, Belo Horizonte, Minas Gerais, Brazil). 
The reference ranges for the biochemical 
tests were those recommended by Kaneko 
et al. (1997).

Extraction, quantification, and purity of 
genomic DNA

Genomic DNA was extracted from 
the leukocyte layer using the commercial 
reagent PureLink™ Genomic DNA Mini 
Kit (Invitrogen, Thermo Fisher Scientific, 
Waltham, Massachusetts, United 
States), following the manufacturer’s 
recommendations. The DNA samples were 
subjected to quantification and purity analysis 
(260/280nm ratio) using a NanoDrop™ 
2000/2000c spectrophotometer (Thermo 

Fisher Scientific, Waltham, Massachusetts, 
United States), with ultrapure water used as 
the blank.

Nested PCR for the detection of Ehrlichia 
canis DNA

The nested PCR technique was used 
for the amplification of E. canis DNA. In the first 
reaction, the primer oligonucleotides ECC 
(5’-AGAACGAACGCTGGCGGCAAGC-3’) and 
ECB (5’-CGTATTACCGCGGCTGCTGGCA-3’) 
were used to amplify a part of the 16S rRNA 
gene from Ehrlichia spp. In the second 
reaction, the primer oligonucleotides ECAN 
(5’-CAATTATTTATAGCCTCTGGCTATAGGA 
-3’) and HE3 (5’TATAGGTACCGTCATTATCT 
TCCCTAT-3’) were used to amplify a product 
of 396 base pairs from E. canis, following 
the methodology described by Murphy et al. 
(1998).

Each reaction mixture was prepared to 
a final volume of 25 μL and contained 0.2 mM 
of each dNTP (InvitrogenTM, Carlsbad, USA), 
10x Buffer, 5.0 mM MgCl2, 40 pmol of each 
primer in the first reaction and 30 pmol of 
each primer in the second reaction, 1.25 U of 
Platinum Taq DNA Polymerase (InvitrogenTM, 
California, USA). In the first reaction, 5 μL of 
the sample DNA was added, and 3 μL of the 
amplification product from this reaction was 
used in the second reaction. Sterile ultrapure 
water was used to complete the final volume 
of both reactions. As a positive control, a 
sample from the study by Ferraz (2021) was 
used, and sterile ultrapure water was used as 
a negative control.

The amplification protocol for 
the initial reaction consisted of an initial 
denaturation for 3 minutes at 94°C, followed 
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by 35 cycles of denaturation at 94°C for 
1 minute, annealing at 68°C for 2 minutes, 
extension at 72°C for 2 minutes, and a 
final extension at 72°C for 7 minutes. The 
thermocycling conditions for the second 
reaction included an initial denaturation for 
3 minutes at 94°C, followed by 35 cycles of 
denaturation at 94°C for 1 minute, annealing 
at 58°C for 2 minutes, extension at 72°C for 
1.5 minutes, and a final extension at 72°C for 
7 minutes (Cordeiro et al., 2020).

GAPDH PCR

After performing a nested PCR 
to detect E. canis DNA, samples that 
tested negative were then subjected to a 
conventional PCR to amplify the gene for 
the enzyme glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The purpose of 
this step was to assess the DNA integrity 
and to minimize the likelihood of false 
negatives due to the presence of PCR 
inhibitors. The primers used were GAPDH-F 
( 5 ’- CCT TCAT TG ACCTCA ACTACAT- 3 ’ ) 
and GAPDH-R (5’-CCAAAGTTGTCATGG 
ATGACC-3’), which correspond to conserved 
sequences found in all mammals that anneal 
to a specific sequence of the GAPDH gene, 
resulting in the production of an amplified 
product of 400 base pairs (Birkenheuer et al., 
2003). The preparation of the reagent mix and 
the programming of the thermocycler were 
adapted and carried out according to the 
protocol previously described by Lacerda et 
al. (2020). The PCR was performed with 2.5 
μL of DNA sample in 25 μL of reaction mix, 
which included 0.2 mM of each dNTP, 10X 
Buffer, 2.0 mM MgCl2, 1.0 μM of each primer, 
1.25U of Platinum Taq DNA Polymerase 

(InvitrogenTM, Carlsbad, California, USA) and 
ultrapure water to complete the final volume. 
The thermocycling conditions consisted of 
an initial denaturation for 5 minutes at 95°C, 
followed by 40 cycles of denaturation at 
94°C for 30 seconds, annealing at 52°C for 1 
minute, extension at 72°C for 1 minute, and a 
final extension at 72°C for 5 minutes.

DNA agarose gel electrophoresis

The obtained amplicons were 
subjected to agarose gel electrophoresis 
at 2% concentration, using SYBRTM Safe 
DNA Gel Stain (Invitrogen, California, USA) 
for visualization. A 1 Kb Plus DNA Ladder™ 
(Invitrogen, California, USA) served as the 
molecular weight marker to determine the 
size of the amplified products. Imaging was 
conducted using the L-PIX EX electrophoresis 
gel photo-documentation system (Loccus®, 
São Paulo, Brazil), and samples were deemed 
positive if they showed a band at the same 
height as the positive control.

Sequencing

The amplicons from four samples, 
contained in the reaction tubes, were purified 
using the PureLinkTM PCR Purification kit 
(Invitrogen, California, USA) and subsequently 
sent for sequencing. The technique used was 
capillary electrophoresis (modified Sanger 
sequencing) performed on an ABI 3500XL 
sequencer (Applied BiosystemsTM, California, 
USA), using both oligonucleotide primers 
used in the nested PCR. Chromatogram 
analysis was conducted using FinchTV 
software version 1.5.0. The consensus 
sequences were obtained through the 
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QIAGEN CLC Genomics Workbench software 
version 21.0 and compared with sequence 
data available in GenBank using BLAST. 
The sequences were deposited in GenBank 
under accession numbers OR978368, 
OR978369, OR978370, and OR978371. The 
identity of the detected E. canis species was 
determined based on the closest match in 
BLAST, considering a minimum similarity 
value of 98-100% for GenBank entries.

Statistical analysis

The data regarding the complete 
blood count and serum biochemistry of 
animals testing positive and negative for E. 
canis were subjected to the Kolmogorov-
Smirnov test to confirm normality. In cases of 
homoscedasticity, the Student’s t-test was 
conducted, while the Mann-Whitney test was 
used for heteroscedasticity. The presence 
or absence of anemia, thrombocytopenia, 
and leukopenia were also evaluated in 
relation to E. canis infection using the chi-
square test with Yates’ correction. The 
results of the nested PCR for E. canis and 
the data collected from the semi-structured 
interviews were tabulated and analyzed using 
the EPI INFO statistical software, version 
3.5.2. The odds ratio (OR) from the bivariate 
analysis was calculated along with measures 
of association and a 95% confidence 
interval. Biologically plausible variables were 
assessed for collinearity using the Spearman 
correlation (p<0.8) in the Bioestat 5.0 
statistical program, and then included in the 
preliminary model for unconditional logistic 
regression. The final model was constructed 
through the backward elimination of 
variables.

Results and Discussion

Molecular diagnosis

In this study, a prevalence of 30.8% 
(122/396 dogs) of E. canis infection was 
observed in the city of Porto Seguro, using 
the nested PCR technique. All samples 
negative for E. canis tested positive for the 
GAPDH gene. This high frequency aligns with 
previous studies that also used molecular 
diagnostics, the same dog population 
type (healthy, household, and living in both 
urban and rural areas), and similar climatic 
conditions (contributing to the vector’s 
maintenance) (Cordeiro et al., 2020; R. L. 
da Costa et al., 2019; Guedes et al., 2015; 
Paulino et al., 2018).

In general, frequencies higher than 
those observed were found in blood samples 
from dogs treated in hospitals (Ramos et al., 
2010; Santos et al., 2009; Soares et al., 2017), 
which were clinically suspected of diseases 
transmitted by ticks, and in samples from stray 
dogs captured by the Center for Zoonoses 
Control (CZC) (Brandão et al., 2019), which are 
more exposed to tick parasitism compared 
to household dogs, thus overestimating the 
positivity of the results.

Laboratory findings

Ehrlichia spp. morulae were observed 
in only 0.5% (2/396) of the blood smears, 
which is consistent with previous research 
that also reported the low sensitivity of this 
technique (Cirino et al., 2021; Rotondano et 
al., 2015).
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The blood count parameters for dogs 
naturally infected and not infected by E. canis 
are presented in Table 1. A significant reduction 
in the average values of erythrocytes 
(p<0.001), hemoglobin (Hb) (p<0.001), 
packed cell volume (PCV) (p<0.001), mean 
corpuscular volume (MCV) (p < 0.001), and 
platelets (p<0.001) was observed in infected 
dogs compared to those not infected. There 
was also a significant increase in the mean 
corpuscular hemoglobin concentration 
(MCHC) (p<0.001), total plasma proteins 
(TPP) (p<0.001), and lymphocytes (p value 
<0.006) in infected animals compared to the 

results of the non-infected. It is important 
to note that in infected dogs, the averages 
for platelets and PCV were below the 
established reference range for the species, 
while the average for TPP was above the 
range. All other parameters in infected dogs, 
which were statistically significant compared 
to non-infected dogs, remained within the 
reference range. Moreover, it was identified 
that dogs positive for E. canis were 6 times 
more likely to have thrombocytopenia, 5.5 
times more likely to have leukopenia, and 4 
times more likely to have anemia compared 
to dogs negative for this pathogen (Table 2).

Table 1
Average values and standard deviation of hematological parameters in dogs naturally infected with 
Ehrlichia canis compared to non-infected dogs in Porto Seguro, BA

Parameters Infected Animals 
(n=122)

Non-Infected 
Animals (n=274)

Reference 
Ranges¹ p-value

Erythrocytes (x 10⁶/µL) 5.70 (± 1.16) 6.66 (± 1.24) 5.5 – 8.5 < 0.001

Hemoglobin (g/dL) 12.52 (± 2.72) 14.79 (± 2.89) 12 – 18 < 0.001

Hematocrit (%) 36.77 (± 8.39) 44.34 (± 9.89) 37 – 55 < 0.001

MCV (fL) 64.22 (± 3.86) 65.98 (± 4.68) 60 – 77 < 0.001

MCHC (%) 34.15 (± 1.85) 33.51 (± 2.26) 32 – 36 < 0.001

TPP (g/dL) 8.24 (± 1.46) 7.30 (± 3.67) 6.0 – 8.0 < 0.001

Platelets (/µL) 131,273 (±100,504) 218,580 (± 117,923) 200,000 – 500,000 < 0.001

Leukocytes (/µL) 13,991.8 (± 5,071.2) 13,575.9 (± 5,236.8) 6,000 – 17,000 0.532

Segmented Neutrophils (/µL) 7,632.2 (± 3,669) 8,042.5 (± 3,529.6) 3,000 – 11,500 0.32

Lymphocytes (/µL) 4,301.9 (±3,146.4) 3,302.9 (± 2,132.4) 1,000 – 4,800 0.006

Monocytes (/µL) 734.38 (± 542.44) 752.67 (± 613.03) 150 – 1,350 0.902

Eosinophils (/µL) 1,326.4 (± 1206.9) 1,443.7 (± 1,369.3) 100 – 1,250 0.462

1Reference Ranges: Jain (1993).
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Thrombocytopenia was the most 
common hematological alteration observed 
in dogs positive for E. canis in this study, 
aligning with findings from other studies 
(Harrus et al., 1998; Waner et al., 1997). 
Waner et al. (1997) suggest that the mild 
and persistent thrombocytopenia at this 
phase can be attributed to the continuous 
production of anti-platelet antibodies in 
response to the presence and proliferation 
of the ehrlichial organism. It is worth noting 
that, in our study, 114 dogs that tested 
negative for E. canis also presented with 
thrombocytopenia. Therefore, although 
thrombocytopenia is a common alteration at 
all stages of CME (Bulla et al., 2004; Harrus 
et al., 1996b; Mylonakis et al., 2004; Waner et 
al., 1997), it is not sufficient and should not be 
used to confirm the diagnosis of Ehrlichiosis 
in dogs.

The total white blood cell count of the 
infected animals was within the reference 

Table 2
Bivariate analysis of the variables “Has Anemia”, “Has Leukopenia”, and “Has Thrombocytopenia” 
associated with Ehrlichia canis infection in naturally infected dogs in the municipality of Porto Seguro, 
BA

VARIABLES

Ehrlichia canis Odds ratio

POSITIVE NEGATIVE
95% CI p-value

N % N %

Has Anemia    

Yes 61 53.04 54 46.96% 4.1 (2.56-6.47) <0.0001

No 61 21.70% 220 78.30%

Has Leukopenia     

Yes 7 70.00% 3 30.00% 5.5 (1.40-21.64) 0.017

No 115 29.79% 271 70.21%

Has Thrombocytopenia     

Yes 99 46.48% 114 53.52% 6.0 (3.61-10.09) <0.0001

No 23 12.57% 160 87.43%

ranges for the species. This observation 
supports previous findings (Harrus et al., 
1998; Waner et al., 1997). Only ten dogs in 
the study were leukopenic, which limits the 
scope of the discussion. Leukopenia is a 
consistent finding in dogs during both the 
acute and chronic phases of CME (Castro et 
al., 2004; Gianopoulos et al., 2016; Harrus et 
al., 1996a; Mylonakis et al., 2004; Rungsipipat 
et al., 2009), but not in the subclinical phase 
(Harrus et al., 1998; Waner et al., 1997).

Anemia was identified in half of the 
dogs that tested positive, however, only the 
PCV levels were below the reference ranges, 
contrasting with previous studies (Harrus 
et al., 1998; Waner et al., 1997). Waner et 
al. (1997) reported that none of the dogs in 
the subclinical phase of CME were explicitly 
anemic, yet they observed declines in 
erythrocyte parameters that were detected 
inconsistently and concluded that these 
parameters are not reliable indicators for 
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CME. Anemia is often identified in dogs with 
CME during both acute and chronic phases 
(Borin et al., 2009; Mylonakis et al., 2004; 
Parashar et al., 2016; Waner et al., 1997). The 
anemia caused by E. canis is associated with 
the removal of erythrocytes from circulation 
by the mononuclear phagocyte system 
(MPS) and lysis by the complement system. 
In addition, there is also suppression of 
erythropoiesis in the bone marrow, primarily 
during the chronic phase of CME, and bleeding 
in dogs with marked thrombocytopenia 
(Moreira et al., 2003; Mylonakis et al., 2010).

The TPP were found to be above 
the reference ranges in infected animals 
(Table 1). The observed hyperproteinemia 
is consistent with other studies that have 
reported that dogs infected with E. canis 
have high total protein content (Gould et al., 
2000; Harrus et al., 1996a).

The results of the biochemical 
analyses are described in Table 3. There was 
no statistically significant difference between 
the biochemical findings of the positive and 
negative animals, except for ALT. However, 
the values remained within the reference 
range for both groups.

Associated factors

Supplementary Material 1 presents 
the bivariate analyses conducted between 
the exposure variables (biologically plausible) 
and the outcome (positive/negative to E. 
canis). It was found that none of the exposure 
variables showed collinearity, allowing for 

Table 3
Average values and standard deviation of biochemical analyses in dogs naturally infected with Ehrlichia 
canis compared to non-infected dogs in Porto Seguro, Bahia

Parameters Infected Animals 
(n=122)

Non-Infected 
Animals (n=274)

Reference 
Ranges¹ p-value

Urea (mg/dL) 35.55 (± 15.37) 36.69 (± 14.87) 21.4 – 59.9 0.49

Creatinine (mg/dL) 1.01 (± 0.23) 1.04 (± 0.28) 0.5 – 1.5 0.3786

ALT (UI/L) 37.29 (± 28.73) 45.97 (± 52.74) 21 – 73 0.0225

AST (UI/L) 36.68 (± 38.16) 37.46 (± 31.76) 21 – 45 0.3984

FA (UI/L) 54.68 (± 37.86) 67.88 (± 104.46) 20 – 156 0.3337

1 Reference ranges: Kaneko et al. (1997).

their inclusion in the preliminary model of 
the non-conditional logistic regression 
(Supplementary Material 2). In the final model 
(Table 4), the variables “defined breed,” “Lives 
near a deforested area,” and “Is kept indoors” 
were identified as protective factors, while 
“Ticks” and “Lives in an urban area” were 
considered risk factors for E. canis infection.
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These findings support the research 
of Carlos et al. (2011), Guedes et al. (2015), and 
Paulino et al. (2018), which demonstrated a 
positive association between tick infestation 
and infection by E. canis in dogs. The climatic 
conditions in the Extreme South region of 
Bahia play a significant role in the population 
dynamics of ticks. The high temperature and 
humidity of the tropical climate provide a 
conducive environment for the development 
of the R. sanguineus from the tropical 
clade, known to be an efficient vector for 
the transmission of E. canis (Cicuttin et 
al., 2015; Moraes et al., 2015). This finding 
underscores the importance of preventive 
tick control measures in dogs to reduce the 
risk of E. canis infection and other tick-borne 
diseases.

This study found that dogs living 
in urban areas are more prone to infection 
with E. canis compared to dogs from rural 
areas. This finding supports the results of 
Guedes et al. (2015), who reported that 
dogs from rural areas were less likely to be 
afflicted with the disease when compared 
to their urban counterparts. R. sanguineus 
is the tick species most frequently identified 

Table 4
Final model of the unconditional logistic regression for factors associated with Ehrlichia canis infection 
in dogs in Porto Seguro, BA

Variables Odds ratio CI (95%) p-Value

Lives near deforested area 0.56 0.31 – 0.99 0.05

Presence of ticks 1.66 1.05 – 2.63 0.03

Is kept indoors 0.51 0.31 – 0.85 0.01

Purebred 0.33 0.18 – 0.59 0.0002

Lives in urban area 1.90 1.19 – 3.04 0.007

p<0.001 Likelihood = 44.43 

in studies involving dogs that live in urban 
areas (Dantas-Torres et al., 2004; Labruna & 
Pereira, 2001; Rotondano et al., 2015; Soares 
et al., 2020; Souza et al., 2010).

Keeping dogs indoors has been 
characterized as a protective factor against 
infection by E. canis, according to this study. 
This is likely due to the reduced exposure of 
these dogs to other animals infested with 
ticks, thereby lowering the chances of being 
bitten by infected ticks. These results agree 
with the findings of Paulino et al. (2018), 
who reported that dogs with access to the 
outdoors are more likely to be infected 
by E. canis. It is important to note that the 
protection offered by keeping dogs indoors 
may vary according to the geographic region 
and the environmental conditions in which 
the animal lives (Figueredo et al., 2017; 
Guedes et al., 2015).

This study identified that having a 
defined breed acts as a protective factor 
against E. canis infection. However, it is 
important to note that this variable may have 
been influenced by bias due to unconsidered 
factors, such as the higher number of mixed-
breed animals in the study and the financial 
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situation of the dog owners, which was not 
addressed in the semi-structured interview. 
Further research is necessary to better 
understand this association and to consider 
other potential confounding factors that 
could influence the results.

It was observed that living near 
deforested areas acts as a protective factor 
against infection by E. canis. This finding can 
be explained by the fact that the lifecycle 
of the R. sanguineus tick thrives in urban 
environments (Labruna & Pereira, 2001). 
Moreover, it is possible that in deforested 
areas, tick dispersion may occur more 
intensely, leading to a reduced exposure of 
dogs to infected ticks.

Conclusions

The high frequency observed in 
asymptomatic animals in this study highlights 
an insidious course in most cases of CME 
and reinforces the need for monitoring the 
disease during routine clinical evaluations of 
the animals. Additionally, it emphasizes the 
necessity of adopting effective measures for 
vector control in both the environment and 
among the animals, given that the municipality 
has excellent climatic characteristics for the 
vector’s development.

Acknowledgments

We thank the Coordination for the 
Improvement of Higher Education Personnel 
(CAPES), the State University of Santa Cruz 
(process 00220.1000.1701), and the Fiocruz 
Technology Platforms Network for the use 
of their sequencing equipment (FIOCRUZ-
Bahia).

References

Aroch, I., Baneth, G., Salant, H., Nachum-
Biala, Y., Berkowitz, A., Shamir, M., & 
Chai, O. (2018). Neospora caninum and 
Ehrlichia canis co-infection in a dog with 
meningoencephalitis. Veterinary Clinical 
Pathology, 47(2), 289-293. doi: 10.1111/
vcp.12582

Avizeh, R., Mosallanejad, B., Razi Jalali, M. H., 
& Alborzi, A. R. (2010). Seroprevalence 
of Ehrlichia canis in dogs referred to 
Veterinary Hospital of Shahid Chamran 
University of Ahvaz, Iran. Archives of Razi 
Institute, 65(1), 21-26. doi: 10.22092/
ari.2010.103847

Birkenheuer, A. J., Levy, M. G., & Breitschwerdt, 
E. B. (2003). Development and evaluation 
of a seminested PCR for detection and 
differentiation of Babesia gibsoni (Asian 
genotype) and B. canis DNA in canine 
blood samples. Journal of Clinical 
Microbiology, 41(9), 4172-4177. doi: 
10.1128/JCM.41.9.4172-4177.2003

Borin, S., Crivelenti, L. Z., & Ferreira, F. A. 
(2009). Aspectos epidemiológicos, 
clínicos e hematológicos de 251 cães 
portadores de mórula de Ehrlichia 
spp. naturalmente infectados. Arquivo 
Brasileiro de Medicina Veterinária e 
Zootecnia, 61(3), 566-571. doi: 10.1590/
S0102-09352009000300007

Bouza-Mora, L., Dolz, G., Solórzano-Morales, 
A., Romero-Zuñiga, J. J., Salazar-
Sánchez, L., Labruna, M. B., & Aguiar, D. 
M. (2017). Novel genotype of Ehrlichia 
canis detected in samples of human 
blood bank donors in Costa Rica. Ticks 
and Tick-Borne Diseases, 8(1), 36-40. 
doi: 10.1016/j.ttbdis.2016.09.012



Epidemiology of Ehrlichia canis: hematological and biochemical aspects...

671Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

Bowser, N. H., & Anderson, N. E. (2018). Dogs 
(Canis familiaris) as sentinels for human 
infectious disease and application to 
canadian populations: a systematic 
review. Veterinary Sciences, 5(4), 1-24. 
doi: 10.3390/vetsci5040083  

Brandão, V. M. D., Barrozo, P. H. M., Sousa, 
L. O., Santos, R. C. dos, Schwanke, 
K., Sampaio, F. D., Jr., Prado, W. S., 
Amaral, A. S., & Cavalcante, G. G. (2019). 
Molecular detection of Ehrlichia canis 
and Anaplasma platys in dogs from 
municipality of Belém, State of Pará, 
Brazil. Ciência Rural, 49(12), 1-6. doi: 
10.1590/ 0103-8478cr20190414  

Bulla, C., Takahira, R. K., Araújo, J. P., Trinca, L. 
A., Lopes, R. S., & Wiedmeyer, C. E. (2004). 
The relationship between the degree 
of thrombocytopenia and infection 
with Ehrlichia canis in an endemic area. 
Veterinary Research, 35(1), 141-146. doi: 
10.1051/vetres:2003038

Carlos, R. S. A., Carvalho, F. S., Wenceslau, 
A. A., Almosny, N. R. P., & Albuquerque, 
G. R. (2011). Risk factors and clinical 
disorders of canine ehrlichiosis in 
the South of Bahia, Brazil. Revista 
Brasileira de Parasitologia Veterinária, 
20(3), 210-214. doi: 10.1590/S1984-
29612011000300006

Castro, M. B. de, Machado, R. Z., Aquino, L. P. 
C. T. de, Alessi, A. C., & Costa, M. T. (2004). 
Experimental acute canine monocytic 
ehrlichiosis: clinicopathological and 
immunopathological findings. Veterinary 
Parasitology, 119(1), 73-86. doi: 10.10 
16/j.vetpar.2003.10.012

Cicuttin, G. L., Tarragona, E. L., Salvo, M. N. de, 
Mangold, A. J., & Nava, S. (2015). Infection 
with Ehrlichia canis and Anaplasma 

platys (Rickettsiales: Anaplasmataceae) 
in two lineages of Rhipicephalus 
sanguineus sensu lato (Acari: Ixodidae) 
from Argentina. Ticks and Tick-Borne 
Diseases, 6(6), 724-729. doi: 10.1016/j.
ttbdis.2015.06.006

Cirino, R. N. V., Santos, N. de J. P. dos, Viana, 
M. K. R., Santos, E. A. dos, Gomes, C. L. N., 
Chaves, D. P., Coimbra, V. C. S., & Fonseca, 
L. S. da. (2021). Perfil hematológico e 
parasitológico de cães suspeitos ou 
não para Erliquiose canina atendidos 
no Hospital Veterinário Universitário 
Francisco Edilberto Uchoa Lopes da 
Universidade Estadual do Maranhão 
entre os anos de 2019 a 2020 no 
município de São Luís. Brazilian Journal 
of Development, 7(7), 69956-69974. doi: 
10.34117/bjdv7n7-257

Cordeiro, J. M. D. A., Guedes, P. E. B., 
Munhoz, A. D., & Silva, F. L. (2020). 
Molecular diagnosis and risk factors of 
canine ehrlichiosis in the municipality 
of Itabuna-Bahia, Brazil. Semina: 
Ciências Agrárias, 41(3), 897-906. doi: 
10.5433/1679-0359.2020v41n3p897

Costa, M. de P., Horta, R. dos S., Coura, F. 
M., Mol, J. P. da S., Valente, P. C. L. G., 
& Paes, P. R. de O. (2015). Bioquímica 
sérica de cães infectados por Ehrlichia 
canis, Anaplasma platys e Leishmania 
sp. Acta Scientiae Veterinariae, 43, 
1-7. https://www.bvs-vet.org.br/
vetindex/periodicos/acta-scientiae-
veterinariae/43-(2015)/bioquimica-
s e r i c a - d e - c a e s - i n fe c t a d o s - p o r-
ehrlichia-canis-anaplasma-pla/

Costa, R. L. da, Paulino, P. G., Silva, C. B. da, 
Vitari, G. L. V., Peixoto, M. P., Abreu, A. 
P. M. de, Santos, H. A., & Massard, C. L. 



Carvalho, J. P. S. et al.

672 Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

(2019). Molecular characterization of 
Ehrlichia canis from naturally infected 
dogs from the state of Rio de Janeiro. 
Brazilian Journal of Microbiology, 50(1), 
1-12. doi: 10.1007/s42770-018-0020-7

Díaz-Regañón, D., Agulla, B., Piya, B., 
Fernández-Ruiz, N., Villaescusa, A., 
García-Sancho, M., Rodríguez-Franco, 
F., & Sainz, Á. (2020). Stray dogs in Nepal 
have high prevalence of vector-borne 
pathogens: a molecular survey. Parasites 
& Vectors, 13(174), 1-8. doi: 10.1186/
s13071-020-04057-7

Dordio, A. M., Beck, R., Nunes, T., Pereira da 
Fonseca, I., & Gomes, J. (2021). Molecular 
survey of vector-borne diseases in two 
groups of domestic dogs from Lisbon, 
Portugal. Parasites & Vectors, 14(163), 
1-11. doi: 10.1186/s13071-021-04650-4

Escobar Cifuentes, E. (1988). Program for 
the elimination of urban rabies in Latin 
America. Reviews of Infectious Diseases, 
10(Suppl. 4), S689-692. doi: 10.1093/
clinids/10.supplement_4.s689

Ferraz, Á. R. F. (2021). Diagnóstico molecular 
de Ehrlichia canis e Babesia vogeli, e 
diagnóstico sorológico de Neospora 
caninum e Toxoplasma gondii em cães 
provenientes do município de Cândido 
Sales-Ba e microrregião. Dissertação 
de mestrado, Universidade Estadual 
de Santa Cruz, Ilhéus, Bahia, Brasil. 
https://ppgca.uesc.br/wp-content /
u p l o a d s / 2 0 2 2 / 1 2 /d i s s e r t a c a o -
aquila-2021.pdf

Figueredo, L. A., Sales, K. G. da S., Deuster, 
K., Pollmeier, M., Otranto, D., & Dantas-
Torres, F. (2017). Exposure to vector-
borne pathogens in privately owned 
dogs living in different socioeconomic 

settings in Brazil. Veterinary Parasitology, 
243(2017), 18-23. doi: 10.1016/j.vetpar. 
2017.05.020

Gianopoulos, A., Mylonakis, M. E., Theodorou, 
K., & Christopher, M. M. (2016). 
Quantitative and qualitative leukocyte 
abnormalities in dogs with experimental 
and naturally occurring acute canine 
monocytic ehrlichiosis. Veterinary 
Clinical Pathology, 45(2), 281-290. doi: 
10.1111/vcp.12359

Gould, D. J., Murphy, K., Rudorf, H., & Crispin, S. 
M. (2000). Canine monocytic ehrlichiosis 
presenting as acute blindness 36 
months after importation into the UK. 
The Journal of Small Animal Practice, 
41(6), 263-265. doi: 10.1111/j.1748-
5827.2000.tb03937.x

Gray, J., Dantas-Torres, F., Estrada-Peña, 
A., & Levin, M. (2013). Systematics 
and ecology of the brown dog tick, 
Rhipicephalus sanguineus. Ticks and 
Tick-Borne Diseases, 4(3), 171-180. doi: 
10.1016/j.ttbdis.2012. 12.003

Guedes, P. E. B., Oliveira, T. N. de A., Carvalho, 
F. S., Carlos, R. S. A., Albuquerque, G. R., 
Munhoz, A. D., Wenceslau, A. A., & Silva, F. 
L. (2015). Canine ehrlichiosis: prevalence 
and epidemiology in northeast Brazil. 
Revista Brasileira de Parasitologia 
Veterinária, 24(2), 115-121. doi: 10.1590/
S1984-296120150 30

Guimarães, M. de C. N., Silva, P. T. de A. e, 
Monteiro, T. R. M., Santos, C. de C. dos, 
Costa, J. C., Valente, K. F., Silva, B. W. L., 
Casseb, A. do R., & Casseb, L. M. N. (2021). 
Occurrence of tick-borne diseases in 
domestic dogs in Belém, Pará, Brazil. Acta 
Veterinaria Brasilica, 15(4), 323-329. doi: 
10.21708/avb. 2021.15.4.10133



Epidemiology of Ehrlichia canis: hematological and biochemical aspects...

673Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

Harrus, S., Kass, P. H., Klement, E., & Waner, 
T. (1997). Canine monocytic ehrlichiosis: 
a retrospective study of 100 cases, 
and an epidemiological investigation of 
prognostic indicators for the disease. 
The Veterinary Record, 141(14), 360-
363. doi: 10.1136/vr.141.14.360

Harrus, S., & Waner, T. (2011). Diagnosis of 
canine monocytotropic ehrlichiosis 
(Ehrlichia canis): an overview. The 
Veterinary Journal, 187(3), 292-296. doi: 
10.1016/j.tvjl.2010.02.001

Harrus, S., Waner, T., Aizenberg, I., Foley, 
J. E., Poland, A. M., & Bark, H. (1998). 
Amplification of Ehrlichial DNA from dogs 
34 months after infection with Ehrlichia 
canis. Journal of Clinical Microbiology, 
36(1), 73-76. doi: 10.1128/jcm.36.1.73-
76.1998

Harrus, S., Waner, T., Avidar, Y., Bogin, 
E., Peh, H., & Bark, H. (1996a). 
Serum protein alterations in canine 
ehrlichiosis. Veterinary Parasitology, 
66(3-4), 241-249. doi: 10.1016/s0304-
4017(96)01013-8

Harrus, S., Waner, T., Weiss, D. J., Keysary, 
A., & Bark, H. (1996). Kinetics of serum 
antiplatelet antibodies in experimental 
acute canine ehrlichiosis. Veterinary 
Immunology and Immunopathology, 
51(1-2), 13-20. doi: 10.1016/0165-2427 
(95)05516-9

Instituto Brasileiro de Geografia e Estatística 
(2023). Censo Brasileiro de 2022. IBGE. 
https://cidades.ibge.gov.br/brasil/ba/
porto-seguro/panorama 

Jain, N. C. (1993). Essentials of veterinary 
hematology. Lea e Febiger.

Kaneko, J. J., Harvey, J. W., & Bruss, M. L. 
(1997). Clinical biochemistry of domestic 
animals. Academic Press.

Labruna, M. B., & Pereira, M. de C. (2001). 
Carrapato em cães no Brasil. Clínica 
Veterinária, 6(30), 24-32.

Lacerda, L. C., Silva, A. N. da, Cruz, R. D. S., 
Freitas, J. de S., Said, R. A., & Munhoz, A. D. 
(2020). Hematological and biochemical 
aspects of cats naturally infected with 
feline immunodeficiency virus and feline 
leukemia. Brazilian Journal of Veterinary 
Medicine, 42(1), 1-7. doi: 10.29374/2527-
2179.bjvm110020

Lopes, M. G., Krawczak, F. da S., Lima, J. T. R. 
de, Fournier, G. F. da S. R., Acosta, I. da 
C. L., Ramirez, D. G., Marcili, A., Labruna, 
M. B., & Gennari, S. M. (2018). Occurrence 
of Ehrlichia canis and Hepatozoon canis 
and probable exposure to Rickettsia 
amblyommatis in dogs and cats in Natal, 
RN. Revista Brasileira de Parasitologia 
Veterinária, 28(1), 151-156. doi: 10.1590/
S1984-296120180065

Mazzotti, G. A., Silva, W. A. C., Carneiro, F. T., 
Scalon, M. C., Lima, M. A., Teixeira, M. 
A., Lima, A. C. F., & Paludo, G. R. (2018). 
Investigação molecular de Ehrlichia 
canis, Anaplasma platys, Anaplasma 
phagocytophilum e Rickettsia spp. em 
felídeos selvagens cativos. Pesquisa 
Veterinária Brasileira, 38(3), 528-535. 
doi: 10.1590/1678-5150-PVB-5342

Moraes, J., Fº., Krawczak, F. S., Costa, F. B., 
Soares, J. F., & Labruna, M. B. (2015). 
Comparative evaluation of the vector 
competence of four south American 
populations of the Rhipicephalus 



Carvalho, J. P. S. et al.

674 Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

sanguineus group for the bacterium 
Ehrlichia canis, the agent of canine 
monocytic Ehrlichiosis. PLoS One, 
10(9), 1-16. doi: 10.1371/journal.pone. 
0139386

Moraes, J., Fº., Marcili, A., Nieri-Bastos, F. A., 
Richtzenhain, L. J., & Labruna, M. B. (2011). 
Genetic analysis of ticks belonging to the 
Rhipicephalus sanguineus group in Latin 
America. Acta Tropica, 117(1), 51-55. 
doi: 10.1016/j.actatropica.2010.09.006

Moreira, S. M., Bastos, C. V., Araújo, R. B., 
Santos, M., & Passos, L. M. F. (2003). 
Retrospective study (1998-2001) on 
canine ehrlichiosis in Belo Horizonte, 
MG, Brazil. Arquivo Brasileiro de 
Medicina Veterinária e Zootecnia, 
55(2), 141-147. doi: 10.1590/S0102-
09352003000200003

Murphy, G. L., Ewing, S. A., Whitworth, L. 
C., Fox, J. C., & Kocan, A. A. (1998). 
A molecular and serologic survey of 
Ehrlichia canis, E. chaffeensis, and E. 
ewingii in dogs and ticks from Oklahoma. 
Veterinary Parasitology, 79(4), 325-339. 
doi: 10.1016/s0304-4017(98)00179-4

Mylonakis, M. E., & Theodorou, K. (2017). 
Canine monocytic ehrlichiosis: an 
update on diagnosis and treatment. Acta 
Veterinaria, 67(3), 299-317. doi: 10.1515/
acve-2017-0025

Mylonakis, M. E., Koutinas, A. F., Breitschwerdt, 
E. B., Hegarty, B. C., Billinis, C. D., 
Leontides, L. S., & Kontos, V. S. (2004). 
Chronic canine ehrlichiosis (Ehrlichia 
canis): a retrospective study of 19 
natural cases. Journal of the American 
Animal Hospital Association, 40(3), 174-
184. doi: 10.5326/0400174

Mylonakis, M. E., Kritsepi-Konstantinou, 
M., Dumler, J. S., Diniz, P. P. V. P., Day, 
M. J., Siarkou, V. I., Breitschwerdt, E. B., 
Psychas, V., Petanides, T., & Koutinas, A. F. 
(2010). Severe hepatitis associated with 
acute Ehrlichia canis infection in a dog. 
Journal of Veterinary Internal Medicine, 
24(3), 633-638. doi: 10.1111/j.1939-16 
76.2010.0501.x

Nelson, R. W., & Couto, C. G. (2015). Medicina 
interna de pequenos animais (5nd ed.). 
Elsevier.

Oliveira, G. M. B. de, Silva, I. W. G. da, Cruz 
Ferreira Evaristo, A. M. da, Azevedo 
Serpa, M. C. de, Silva Campos, A. N., 
Dutra, V., Nakazato, L., Aguiar, D. M. 
de, Bahia Labruna, M., & Horta, M. 
C. (2020). Tick-borne pathogens in 
dogs, wild small mammals and their 
ectoparasites in the semi-arid Caatinga 
biome, northeastern Brazil. Ticks and 
Tick-Borne Diseases, 11(4), 1-7. doi: 
10.1016/j.ttbdis.2020.101409

Parashar, R., Sudan, V., Jaiswal, A. K., 
Srivastava, A., & Shanker, D. (2016). 
Evaluation of clinical, biochemical 
and haematological markers in 
natural infection of canine monocytic 
ehrlichiosis. Journal of Parasitic 
Diseases: Official Organ of the Indian 
Society for Parasitology, 40(4), 1351-
1354. doi: 10.1007/s12639-015-0688-7

Paschoal, A. T. P., Silva, A. C. dos S., 
Bernardes, J. C., Caldart, E. T., Ferreira, 
F. P., Soares, J. F., Matos, A. C. de, 
Moraes, N. R., Garcia, J. L., Vidotto, O., & 
Mitsuka-Breganó, R. (2020). Molecular 
detection of Babesia vogeli, Ehrlichia 
canis and Anaplasma platys in a 
hospital population of dogs clinically 



Epidemiology of Ehrlichia canis: hematological and biochemical aspects...

675Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

diagnosed with hemoparasitosis. 
Semina: Ciências Agrárias, 41(5), 
2143-2152. doi: 10.5433/1679-0359. 
2020v41n5Supl1p2143

Paulino, P. G., Pires, M. S., Silva, C. B. da, Peckle, 
M., Costa, R. L. da, Vitari, G. V., Vilela, J. 
A. R., Abreu, A. P. M. de, Massard, C. L., 
& Santos, H. A. (2018). Epidemiology of 
Ehrlichia canis in healthy dogs from the 
Southeastern region of the state of Rio 
de Janeiro, Brazil. Preventive Veterinary 
Medicine, 159, 135-142. doi: 10.1016/j.
prevetmed.2018.09.012

Perez, M., Bodor, M., Zhang, C., Xiong, Q., & 
Rikihisa, Y. (2006). Human infection with 
Ehrlichia canis accompanied by clinical 
signs in Venezuela. Annals of the New 
York Academy of Sciences, 1078, 110-
117. doi: 10.1196/annals.1374.016

Qiu, Y., Kaneko, C., Kajihara, M., Ngonda, S., 
Simulundu, E., Muleya, W., Thu, M. J., 
Hang’ombe, M. B., Katakura, K., Takada, 
A., Sawa, H., Simuunza, M., & Nakao, 
R. (2018). Tick-borne haemoparasites 
and Anaplasmataceae in domestic 
dogs in Zambia. Ticks and Tick-Borne 
Diseases, 9(4), 988-995. doi: 10.1016/j.
ttbdis.2018.03.025

Ramos, R., Ramos, C., Araújo, F., Oliveira, 
R., Souza, I., Pimentel, D., Galindo, M., 
Santana, M., Rosas, E., Faustino, M., & 
Alves, L. (2010). Molecular survey and 
genetic characterization of tick-borne 
pathogens in dogs in metropolitan Recife 
(north-eastern Brazil). Parasitology 
Research, 107(5), 1115-1120. doi: 10. 
1007/s00436-010-1979-7

Rodríguez-Alarcón, C. A., Beristain-Ruiz, 
D. M., Olivares-Muñoz, A., Quezada-
Casasola, A., Pérez-Casio, F., Álvarez-

Martínez, J. A., Tapia-Alanís, J., Lira-
Amaya, J. J., Rivera-Barreno, R., Cera-
Hurtado, O. S., Ibancovichi-Camarillo, J. 
A., Soon-Gómez, L., Adame-Gallegos, 
J. R., & Figueroa-Millán, J. V. (2020). 
Demonstrating the presence of Ehrlichia 
canis DNA from different tissues of dogs 
with suspected subclinical ehrlichiosis. 
Parasites & Vectors, 13(518), 1-7. doi: 
10.1186/s13071-020-04363-0

Rotondano, T. E. de F., Almeida, H. K. A., 
Krawczak, F. da S., Santana, V. L., Vidal, 
I. F., Labruna, M. B., Azevedo, S. S. de, 
Almeida, A. M. P. de, & Melo, M. A. de. 
(2015). Survey of Ehrlichia canis, Babesia 
spp. and Hepatozoon spp. in dogs from 
a semiarid region of Brazil. Revista 
Brasileira de Parasitologia Veterinária, 
24(1), 52-58. doi: 10.1590/S1984-2961 
2015011

Rungsipipat, A., Oda, M., Kumpoosiri, N., 
Wangnaitham, S., Poosoonthontham, 
R., Komkaew, W., Suksawat, F., & Ryoji, 
Y. (2009). Clinicopathological study 
of experimentally induced canine 
monocytic ehrlichiosis. Comparative 
Clinical Pathology, 18(1), 13-22. doi: 
10.1007/s00580-008-0759-6

Sainz, Á., Roura, X., Miró, G., Estrada-Peña, A., 
Kohn, B., Harrus, S., & Solano-Gallego, 
L. (2015). Guideline for veterinary 
practitioners on canine ehrlichiosis 
and anaplasmosis in Europe. Parasites 
& Vectors, 8(75), 1-20. doi: 10.1186/
s13071-015-0649-0

Santos, F., Coppede, J. S., Pereira, A. L. A., 
Oliveira, L. P., Roberto, P. G., Benedetti, R. 
B. R., Zucoloto, L. B., Lucas, F., Sobreira, 
L., & Marins, M. (2009). Molecular 
evaluation of the incidence of Ehrlichia 



Carvalho, J. P. S. et al.

676 Semina: Ciênc. Agrár. Londrina, v. 45, n. 3, p.  659-676, maio/jun. 2024

canis, Anaplasma platys and Babesia 
spp. in dogs from Ribeirão Preto, Brazil. 
Veterinary Journal, 179(1), 145-148. doi: 
10.1016/j.tvjl.2007.08.017

Soares, R. L., Ramos, C. A., Pedroso, T., Babo-
Terra, V., Cleveland, H., & Araújo, F. D. 
(2017). Molecular survey of Anaplasma 
platys and Ehrlichia canis in dogs from 
Campo Grande, Mato Grosso do Sul, 
Brazil. Anais da Academia Brasileira 
de Ciências, 89(1), 301-306. doi: 
10.1590/0001-3765201720150556

Soares, R. L., Silva, A. O. da, Coelho, M. L., 
Echeverria, J. T., Souza, M. L. de, Babo-
Terra, V. J., Pasquatti, T. N., Ramos, R. A. 
N., & Ramos, C. A. do N. (2020). Molecular 
detection of Cercopithifilaria bainae 
and other tick-borne pathogens in 
Rhipicephalus sanguineus s.l. isolated 
from dogs in Midwest Brazil. Revista 
Brasileira de Parasitologia Veterinária, 
29(1), e018019. doi: 10.1590/S1984-
29612019109

Souza, B. M. P. da S., Leal, D. C., Barboza, D. 
C. P. M., Uzêda, R. S., Alcântara, A. C. D., 
Ferreira, F., Labruna, M. B., Gondim, L. F. 
P., & Franke, C. R. (2010). Prevalence of 
ehrlichial infection among dogs and ticks 
in Northeastern Brazil. Revista Brasileira 
de Parasitologia Veterinária, 19(2), 89-
93. doi: 10.4322/rbpv. 01902004

Springer, A., Montenegro, V. M., Schicht, S., 
Globokar Vrohvec, M., Pantchev, N., Balzer, 
J., & Strube, C. (2019). Seroprevalence 
and current infections of canine vector-
borne diseases in Costa Rica. Frontiers 
in Veterinary Science, 6(164), 1-10. doi: 
10.3389/fvets.2019.00164

Torres, F. D., Figueredo, L., & Gloria Faustino, 
M. da. (2004). Ectoparasitos de cães 
provenientes de alguns municípios 
da região metropolitana do Recife, 
Pernambuco, Brasil. Revista Brasileira de 
Parasitologia Veterinária, 13(4), 151-154. 

Veloso, J. F., Sauer, L., Oriá, A. P., Gomes, D. 
C., Raposo, A. C. S., Andrade, C. F. O., 
Oliveira, T. N. de A., & Carlos, R. S. A. 
(2018). Molecular diagnosis of Ehrlichia 
canis infection in dogs with uveitis. 
Semina: Ciências Agrárias, 39(3), 1049-
1056. doi: 10.5433/1679-0359.2018v39
n3p1049

Waner, T., Harrus, S., Bark, H., Bogin, E., Avidar, 
Y., & Keysary, A. (1997). Characterization 
of the subclinical phase of canine 
ehrlichiosis in experimentally infected 
beagle dogs. Veterinary Parasitology, 
69(3-4), 307-317. doi: 10.1016/s0304-
4017(96)01130-2


