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INTRODUCTION
Ticks are one of the most commonly found arthropods in dogs. 
In large infestations, animals can present disturbances such 
as anemia in addition to viral, bacterial, and other protozoal 
diseases since ticks are carriers of these pathogens (ZHANG 
et al., 2017; QIU et al., 2018). Some of these pathogens trans-
mitted by ticks use wild, domestic, and livestock animals as 

their reservoirs; these animals can transmit diseases of a zoo-
notic importance, representing a potential risk to public health 
(DANTAS-TORRES; OTRANTO, 2016).

In Brazil, the current tick fauna is composed of 72 spe-
cies, 47 belong to the Ixodidae family and 25 belong to the 
Argasidae family (GIANIZELLA et al., 2018). The Ixodidae 
family includes several species of interest, most of which belong 
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to the genera Amblyomma, Dermacentor, Ixodes, Haemaphysalis, 
and Rhipicephalus (DANTAS-TORRES, 2008).

Some of the commonly reported canine diseases transmit-
ted by these arthropods in veterinary clinical practice include 
babesiosis, hepatozoonosis, ehrlichiosis, and anaplasmosis, 
transmitted by the brown tick Rhipicephalus sanguineus sensu 
lato. Pathogens generally infect blood cells and cause systemic 
clinical symptoms and severe hematopoietic diseases, which 
are occasionally life-threatening, such as anemia and throm-
bocytopenia (SOUSA et al., 2013; KUBO et al., 2015).

Infections caused by obligatory intracellular blood cell 
pathogens represent an important diagnostic challenge as the 
clinical signs induced these microorganisms can be similar. 
In addition, dogs can be infected with more than one infec-
tious agent at the same time in areas where these diseases are 
endemic (OTRANTO et al., 2009, 2010). 

Diagnostic confirmation should include a history of expo-
sure to ticks, compatible clinical signs, physical examination 
findings, and laboratory confirmation, supported by results 
of cytological, serological, and molecular tests (OTRANTO 
et al., 2010). Serological tests are routinely used in clinics, but 
they do not differentiate active infection from previous expo-
sure; thus, molecular techniques (such as polymerase chain 
reaction [PCR]) have become the method of choice for detect-
ing pathogens in vertebrates and ticks (AKTAS et al., 2015), 
distinguishing between species, and revealing the status of 
current infections (CETINKAYA et al., 2016). 

Such infections in companion animals are challenging to 
diagnose and treat in routine clinical practice due to the com-
plex pathogenesis and wide and nonspecific clinical manifes-
tations in addition to the occurrence of co-infection by more 
than one infectious agent, potentially exacerbating the severity 
of the disease (LARA et al., 2020). Therefore, in the present 
study, we sought to investigate the presence of Ehrlichia canis, 
Babesia canis, and Anaplasma platys in the blood of domestic 
dogs treated at the Veterinary Hospital Mário Dias Teixeira of 
the Federal Rural University of the Amazon (HOVET/UFRA) 
using molecular methods to evaluate the association between 
their presence and hematological changes in infected animals. 

MATERIAL AND METHODS
The study was performed in accordance with the fundamental 
ethical and scientific requirements of the Research Regulatory 
Guidelines and Norms of the Ethics Committee on the Use 
of Animals (CEUA/UFRA; protocol number: 001/2016).

Dog samples 

For this study, 50 blood samples received at the Laboratory 
of Serology and Molecular Biology in 2019 from HOVET/
UFRA were selected from dogs that presented clinic signs 
suggestive of an infection caused by pathogens transmitted 
by arthropods (including hematological variations and/or 

history of tick infestation). The selected samples were from 
males (32/50) and females (18/50) dogs, including young dogs 
aged <2 years (13/50), adults dogs aged >2 years (27/50), and 
dogs (10/50) with no age records.

Blood samples were obtained by puncture of the cephalic 
or jugular vein in two sterilized microtubes containing the anti-
coagulant ethylenediaminetetraacetic acid (EDTA), one for the 
evaluating the complete blood count and the other for PCR assay.

DNA extraction

DNA was extracted from the samples using a commercial 
PureLink™ Genomic DNA Mini Kit (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s guidelines. The extrac-
ted material was stored at -20 °C until PCR analysis.

PCR

Nested-PCR duplex reactions were used to detect the DNA 
of E. canis and A. platys in two stages under thermal condi-
tions described by Rufino et al. (2013). In the initial cycle, 
a 458 bp fragment was amplified using only the ECC and 
ECB primers (DAWSON et al., 1994, 1996) specific to the 
Anaplasmataceae family. The thermal profile of this stage was 
as follows: 94 °C for 3 min, 94 °C for 1 min, 65 °C for 1 min, 
and 72 °C for 1 min for a total 35 cycles, with a final extension 
at 72 °C for 1 min. The obtained amplicon was subjected to 
a new amplification cycle using ECAN5 (DAWSON et al., 
1996) and HE3 (ANDERSON et al., 1992) primers for E. 
canis, and ApysF and ApysR (RUFINO et al., 2013) speci-
fic for A. platys. The second round of amplification included 
10 cycles of 1 min at 94 °C, 5 min at 94 °C, 1 min at 62 °C, 
and 1 min at 72 °C, followed by 35 cycles of 1 min at 94 °C, 
1 min at 60 °C, and 1 min at 72 °C.

In the detection of B. canis, the Bab-f and Babesia com-
mon primer sequences, described by Martin et al. (2006) 
and Kordick et al. (1999), respectively, were used, obtaining 
a 394 bp fragment. The temperatures for the Babesia ampli-
fication process were as follows: 95 °C for 2 min, 94 °C for 
30 s, 61 °C for 30 s, and 72 °C for 45 s for a total of 45 cycles, 
with a final extension at 72 °C for 10 min.

Sterile water was used as a negative control, and a sample 
previously identified as positive for each specific pathogen was 
used as a positive control.

For electrophoretic evaluation, 1 μL of blue juice gel 
loading buffer, 1 μL of GelRed®, and 4 μL of the PCR prod-
uct were used, which were then applied to 1.5% agarose gel. 
The amplified bands were visualized using a UV transilluminator.

Evaluation of hematological findings

Clinical data from medical records of the dogs were collec-
ted using SISVET® program (a software for veterinary clinic 
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management) used by the veterinary hospital. Blood count 
tests were performed for all animals. The reference values used 
to assess hematological parameters were established as descri-
bed by Rizzi et al. (2010).

Statistical analysis

Data were tabulated and analyzed statistically by simple per-
centage and descriptive statistics using the BioEstat 5.3 pro-
gram (AYRES et al., 2007). The data were presented graphi-
cally using the Microsoft® software package, highlighting the 
positivity and negativity in PCR assays for E. canis, A. platys, 
and B. canis and the main hematological findings.

RESULTS
Molecular tests revealed DNA from at least one of the tested 
pathogens in 22% (11/50) samples. The results indicated that 
the most prevalent infectious agent was E. canis, present in 
12% (6/50) animals, followed by A. platys and B. canis in 8% 
(4/50) and 2% (1/50) animals, respectively.

None of the animals had a tick infestation at the time of 
the veterinary appointment; however, 26 (52%) dog owners 
reported that their dogs had contact with the vector previ-
ously. Among these 26 dogs, only 11.5% (3/26) were posi-
tive for the pathogens tested; 7.7% (2/26) were positive for 
E. canis and 3.8% were positive for A. platys; none of the dogs 
were positive for B. canis.

Regarding hematological analysis, 32 (64%) dogs pre-
sented with anemia, 20 (40%) had lymphopenia, 25 (50%) 
had thrombocytopenia, 13 (26%) had leukocytosis, and three 

(6%) had leukopenia. Animals in the studied sample did not 
show any change in the red blood cell parameters, as shown 
in Figure 1.

There was a considerable variation in the hematological 
parameters analyzed, as evidenced in Table 1, which presents 
the standard deviation of hemoglobin and hematocrit levels 
and red blood cell, platelets, leukocytes, and lymphocytes 
counts of the animals with positive or negative PCR findings. 

Anemia was one of the most frequently observed hema-
tological alterations. This hematological change was found in 
three (9.4%) animals infected with E. canis; it was predomi-
nantly s microcytic and normochromic. Regarding dogs posi-
tive for A. platys and B. canis, 4 (12.5%) and 1 (3.1%) dogs 
were anemic, respectively, with anemia classified as normo-
chromic normocytic.

With regard to platelet alterations, we observed that of 
the 25 dogs with thrombocytopenia, only six were positive for 
any one of the infectious agents evaluated on PCR analysis. 
Among these dogs, in 3 (12%) DNA of E. canis was detected, 
in 2 (8 %) of A. platys and, in 1 (4%) of B. canis.

Lymphopenia was observed in 20/50 (40%) dogs, of 
which three dogs were positive for E. canis on PCR analysis 
and the remaining dogs were negative for all the pathogens 
evaluated on PCR analysis.

DISCUSSION
The brown tick R. sanguineus is a cosmopolitan arthropod that 
is prevalent throughout the year in tropical and subtropical 
areas (GALAY et al., 2018). The region of the study, Belém 
do Pará, has a hot and humid climate (BASTOS et al. 2002), 

Figure 1. Levels of variation in the number of red blood cells, hemoglobin, hematocrit and the number of platelets.
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a favorable climatic condition for the survival and reproduc-
tion of ticks.

Although there was no identification of ticks present in 
infestations, R. sanguineus was considered a vector that was 
the most commonly involved as it is described as a com-
petent vector for the diseases of interest in the study (HII 
et al., 2015). In addition, most dogs treated at HOVET/
UFRA are bred in urban environments, with no access to 
areas where wild carnivores and other mammals live, facili-
tating the occurrence of this arthropod vector (LABRUNA; 
PEREIRA, 2001; VIEIRA et al., 2018). In contrast, dogs 
with access to both urban and rural areas in Rio de Janeiro 
were frequently infested by R. sanguineus and A. ovale 
(PAULINO et al., 2018).

Knowledge of the occurrence of tick-borne diseases in ani-
mal species is also extremely important for understanding the 
risk of human infection (RODRIGUEZ-MORALES et al., 
2018), considering that dogs can serve as a source of nutrition 
for many arthropods that also feed on humans and increase 
the risk of zoonotic infections (SEO et al., 2020). Six differ-
ent species of ticks parasitizing humans have been previously 
identified in the state, with the most frequently being A. cajen-
nense and R. sanguineus (SERRA-FREIRE, 2020).

Although the dogs had a history of tick infestation, there 
was a low prevalence of tick-borne infection, even with a 
high incidence of reported infestation, indicating that this 
contributes to the maintenance of hemoparasitic infections 
in the region. Similarly, in a previous study, there was no 
significant association between tick infestation and the pres-
ence of A. platys (SILVA G et al., 2012), E. canis (UENO 
et al., 2009; SOUSA et al., 2010), or B. canis vogeli (SILVA 
A et al., 2012).

In this context, Soares et al. (2017) stated that the pres-
ence of R. sanguineus ticks may not be a risk factor for E. canis 
infection in dogs and that the vectorial competence of the 
tick strain present in the region influences the prevalence of 
the infectious agent.

Over the past decade, molecular techniques (such as PCR-
based methods) have been proven to be useful for the diag-
nostic confirmation of many diseases transmitted by canine 
vectors, while serology and cytology have been used histori-
cally in epidemiological surveys or for diagnostic purposes 
(ANDERSSON et al., 2017).

Molecular tests revealed E. canis was the most prevalent 
infectious agent, present in 12% (6/50) animals. The preva-
lence was higher than that reported by Tanikawa et al. (2013) 
in the state of Paraíba (3.7% [4/108] which included animals 
in a general population independent of the suspected infec-
tion), but lower than that reported by Paulino et al. (2018) in 
Rio de Janeiro (24.8% [97/390] with animals in a relatively 
large number sample examined.

A. platys was identified as the second most prevalent infec-
tious agent in the samples analyzed in this study; it was pres-
ent in 8% (4/50) animals. The prevalence was lower than in 
similar investigations performed in Rio Grande do Sul (LASTA 
et al., 2013) (14.07% [28/199] animals), Paraná (SILVA et al., 
2012) (13.67% [35/256] animals), and São Paulo (SANTOS 
et al., 2009) (14.9% [33/221] animals).

Rufino et al. (2013) were the first to report the occur-
rence of E. canis and A. platys infection in dogs in Belém using 
molecular diagnosis; however, they only evaluated 30 animals. 
Further, Brandão et al. (2019) reported a detection frequency 
of 39.4% (109/276) for E. canis and 23.1% (64/276) for 
A. platys in the sampled dogs; mixed infection was also detected 

Table 1. Result of the statistical analysis of the hematological parameters of dogs tested for Ehrlichia canis and Anaplasma platys in 
Belém, Pará (n = 50).

PCR
Minimum – Maximum

X ± Standard deviation

Negative samples (n=39) Anaplasma platys (n=4) Ehrlichia canis (n=6)

Red cells
2.50 - 8.90 2.83 -5.06 4.60 - 7.40

5.20 ± 1.66 3.82±0.95 5.92±1.03

Hemogloblin
5.90 - 19.60 4.00 - 12.80 9.86 - 14.50

11.87 ±3.57 8.75±3.71 12.49±1.84

Hematocrit
5.90 - 52.30 12.00 - 35.10 29.60 - 44.40

32.99 ±10.20 24.65±9.74 36.43±5.78

Platelets
24.00 - 760.00 40000.00- 316000.00 140.00 - 284.00

218.46 ±152.11 184000.00±148413.84 201.33±57.84

Leukocytes
4.00 - 45.00 4500.00 - 19400.00 6.00 - 33.00

16.24 ±10.55 10300.00±6483.31 15.15±10.29

Lymphocytes
2.00 - 66.00 6.00 - 22.00 4.00 - 33.00

16.54 ±14.20 15.25±7.63 15.17±10.42
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