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Tick-borne pathogens infecting dogs from a highland swamp area
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Canine vector-borne diseases (CVBDs) are
important illnesses that affect dogs worldwide.
The etiological agents of CVBDs are pathogens
transmitted by blood-sucking arthropods (e.g.,
ticks, fleas, mosquitoes and sandflies) widely
present in tropical and subtropical regions
(Otranto et al., 2009). Among these vectors, the
so-called “brown dog tick” named Rhipicephalus
sanguineus sensu lato (s.l.) is the main tick
species infesting dogs worldwide (Gray et al.,
2013). This arthropod displays major negative
impacts on the health of dogs due to its vector
role of several pathogens (e.g., Babesia spp.,
Cercopithifilaria ~ spp., Ehrlichia  spp.,
Hepatozoon spp., Rickettsia spp.) that are of
considerable medical and veterinary concern
(Ramos et al., 2010; Santos et al., 2017). Animals
affected by tick-borne pathogens (TBPs) may
present clinical or subclinical infection, and in
some cases, they may act as reservoirs (Shaw et
al., 2001).

In Brazil, Babesia spp., Erhlichia spp. and
Anaplasma spp. are the most common TBPs
infecting dogs (Ramos et al., 2010). Babesiosis,
caused by the protozoa Babesia vogeli, is usually
associated with apathy, weakness, anorexia, pale
mucous and poor general condition of the patients
(Solano-Gallego et al., 2016). Dogs presenting
Anaplasmosis and/or Ehrlichiosis, caused by the
intracellular bacteria Anaplasma platys and
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Ehrlichia canis, respectively, commonly present
clinical signs such as thrombocytopenia,
anorexia, fever, and hemostatic and digestive
disorders (Yabsley et al., 2007). Co-infections by
these pathogens are commonly observed as they
are primarily transmitted by the same vector
(Yabsley et al., 2007). This is particularly
important due to influences on the clinical
presentation and on the treatment protocol
employed.

In the last decades, a few factors (e.g.,
urbanization, climate change and deforestation)
have contributed to the emergence and
reemergence of many TBPs (Kamani et al., 2013),
in particular, the climate change (Jaenson et al.,
2012). For instance, in Northeastern Brazil, there
is an area featured by a high-altitude swamp that
exhibits an atypical climatic condition (i.e., low
temperatures in part of the year, high relative
humidity and rainfall), which is not observed in
other parts of the region. In this area the eco-
epidemiology of R. sanguineus s.l. and associated
TBPs has been poorly studied; therefore, the aim
of this study was to detect TBPs of dogs living in
an area characterized by a high-altitude swamp.

The study was conducted in the urban area of the
municipality of Garanhuns (8°53°25’’South and
36°29°34>’West), state of  Pernambuco,
Northeastern Brazil. This area has a population of
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139,788 inhabitants distributed over 12
neighborhoods. It presents a tropical climate, with
an annual mean temperature of 20°C (ranging
from 16°C to 30°C), annual mean
rainfall of 873 mm (ranging from 751 to 1000
mm), and average relative humidity of 76%
(ranging from 38% to 100%). In addition, it is
located at 900 m above sea level and the wet
season occurs from April to July. Most of the
municipality, including its urban area is inserted
in the so-called highland swamp, which is part of
the Northeastern Atlantic forest that has
progressively been degraded by the advancement
of urbanization.

Sample size was estimated based on the domiciled
canine population (~13,700) in the municipality
of Garanhuns (95% C.1.), with an estimated TBPs
prevalence of 50%. The estimated dog population
was determined based on WHO (Guidelines for
dog population management, 1990). Blood
samples (n = 203) of owned dogs were collected

through puncture of cephalic vein, stored in
plastic tubes containing ethylenediamine tetra
acetic acid (EDTA/K3; Vacuette®, Greiner
BioOne, SP, Brazil) and preserved at -20°C until
molecular processing. Samples were collected
from all 12 neighborhoods (mean of 17 + 2 dogs
per neighborhood) and data on the clinical
evaluation of each animal was recorded in
individual charts. Genomic DNA extraction was
performed using a protocol previously described
(Aradjo et al., 2009). Samples were PCR screened
for DNA of TBPs using primers based on the 16S
and 18S rRNA gene (Table 1). Nested PCR was
used for detection of E. canis and A. platys, and
conventional PCR for B. canis and Hepatozoon
spp. All reactions included positive and negative
controls. The PCR products were subjected
to electrophoresis in a 1.5% agarose gel, stained
with BlueGreen® (LGC-Biotechnology) and Gel-
Red™ (Biotium, Hayward, CA), and viewed
under an UV transilluminator.

Table 1. Primers used in PCR for detection of DNA of Ehrlichia canis, Anaplasma platys, Babesia vogeli

and Hepatozoon sp. in dogs

Size

Target

Pathogens Primer / Sequence (5'-3") Reference
gene (bp)
Ehrlichia 16S ECC/ AGAACGAACGCTGGCGGCAAGCC 478  Wenetal.
canis rRNA ECB/CGTATTACCGCGGCTGCTGGC (1997)
Ehrlichia 16S HE / TATAGGTACCGTCATTATCTTCCCTAT 389  Wenetal.
canis rRNA ECA/ (1997)
CAATTATTTATAGCCTCTGGCTATAGGAA

Anaplasma 16S 8F / AGTTTGATCATGGCTCAG - Martin et al.
platys rRNA 1448R /| CCATGGCGTGACGGGCAGTGTG (2005)
Anaplasma 16S PLATYS-F/GATTTTTGTCGTAGCTTGCTATG 678 Martin et al.
platys rRNA EHR16S-R / TAGCACTCATCGTTTACAGC (2005)
Babesia 18S BAB1/GTGAACCTTATCACTTAAAG 590 Duarte et al.
vogeli rRNA BAB4 / CAACTCCTCCACGCAATCG (2008)
Hepatozoon 18S HepF / ATACATGAGCAAAATCTCAAC 666  Inokuma et
sp. rRNA HepR / CTTATTATTCCATGCTGCAG al. (2002)

The amplicons were purified using ExoSAP-IT
PCR Product Cleanup Reagent (Applied
Biosystems by Thermo Fisher Scientific - BR)
and sequenced by Sanger’s method (Sanger et al.,
1977) in an automated sequencer ABI3130
(Applied Biosystems). Sequences were aligned
using the BioEdit v.7.2.5 program (Hall, 1999)
and compared with those available in the
GenBank™ database via BLAST analysis
(Altschul et al., 1990). Data analysis was
performed through descriptive statistics to obtain
absolute and relative frequencies. In addition, the
positivity according to the sex was evaluated by
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means of the Fisher Exact Test. The significance
level was set up at 5%. All analyses were carried
out using the statistical software BioEstat version
5.3 (Ayres et al., 2007). The Ethics Committee for
Animal Experimentation (ECAE) of the
Universidade Federal Rural de Pernambuco
approved the study (protocol number: 99/2016).
Out of all animals enrolled (n = 203) 46.80%
(95/203) were female and 53.20% (108/203) were
male, with age ranging from two months to 18
years. None of the animals presented clinical
signs associated to TBPs infection; however, ticks
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(R. sanguineus s.l.) were detected in the majority
of positive animals (61.1%; 11/18).

Of all analyzed samples 8.87% (18/203) scored
positive, with a frequency of 5.42% (11/203) for
A. platys and 3.45% (7/203) for E. canis (Table
2). No statistical difference was observed among
positive animals and sex (p = 0.45). All samples

were negative for Babesia spp. and Hepatozoon
spp., and co-infections were not detected. DNA
sequencing of the amplified products revealed a
homology of 100% with E. canis and A. platys
sequences available on the Genbank database.
The DNA sequences obtained in the present study
were deposited in the Genbank under the access
numbers shown in the Table 2.

Table 2. Frequency of Anaplasma platys and Ehrlichia canis according to the gender of dogs and sequence

access numbers deposited in Genbank

Pathogen Gender Access numbers
Male Female
MT229115, MT229116, MT229117,
Anaplasma 0 0 MT229118, MT229119, MT229120,
platys 4.62% (5/108) - 6.31% (6/95) MT229121, MT229122, MT229123,

MT229124 and MT229125

Ehrlichia canis 4.62% (5/108)

2.10% (2/95)

MT229107, MT229108, MT229109,
MT229110, MT229111, MT229112 and
MT229113

This study provides molecular evidence of
infection by A. platys and E. canis in dogs living
in an area characterized by a high-altitude swamp
in Northeastern Brazil. Though common in
tropical regions, these pathogens have never been
reported in the studied area. The overall positivity
herein detected (i.e., 8.87%; 18/203) follows a
trend observed in other regions; however, it was
lower than that observed in a previous study
conducted in a different area of Northeastern
Brazil (i.e., 38.04%; 79/205) (Ramos et al., 2010).
Several factors such as canine population, vector
dynamics and diagnostic methods may contribute
to such differences (Solano-Gallego et al., 2016).

The low frequency herein reported for TBPs (i.e.,
5.42% for A. platys and 3.45% for E. canis) may
be related to the animal population studied, as
none of the enrolled dogs presented clinical signs
associated with TBPs infections. Nevertheless, A.
platys and E. canis are responsible for high
morbidity in dogs. The role of R. sanguineus s.1.
as a vector for A. platys has been speculated,
based on the cases of co-infections with E. canis
(Ramos et al., 2009) and on the detection of this
bacteria in ticks (Ramos et al., 2014). Recently,
the vector competence for this pathogen has been
proved in experimental study (Snellgrove et al.,
2020).

The negative results for Babesia spp. and

Hepatozoon spp. do not indicate the absence of
both pathogens in the study area. For instance, H.
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canis was reported in R. sanguineus s.l. ticks
collected from dogs in rural environments of the
same municipality (Santos et al., 2017). Most
likely, factors related to sampling period, as well
as to the targeted dog population may have
influenced this finding. Additionally, R.
sanguineus s.l. population dynamics in the study
area is unknown, and this information is pivotal to
better understand the period of occurrence of
TBPs in susceptible hosts. Another factor that
may have influenced the results herein obtained,
is the atypical weather conditions (i.e., low
temperatures from April to August and high
annual average rainfall) of the study area, which
is also featured by a high-altitude swamp that does
not allow abundant parasitism by ticks on dogs
during the whole year, possibly reflecting on the
reduced pathogen transmission.

Most of the positive animals were found to be
infested by R. sanguineus s.l. ticks, the vector role
of which has been extensively studied worldwide.
Over the last years, discussions about the
existence of different lineages (i.e., temperate and
tropical lineages) of R. sanguineus s.l. have
increased throughout the world (Moraes-Filho et
al., 2011; Dantas-Torres et al., 2018). The
vectorial competence of these two lineages may
differ. For example, a study on R. sanguineus s.I.
evaluated its vectorial role for E. canis in four tick
populations from different geographic regions of
South America, demonstrating that only the
tropical lineage group was a competent vector for
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the pathogen (Moraes-Filho et al., 2015).
Interestingly, the region of the group with
vectorial competence is highly endemic for
ehrlichiosis, whereas in the other three regions,
where the ticks are of the temperate lineage, the
pathogen has not been properly reported (Moraes-
Filho et al., 2015).

This study provides the first scientific evidence of
the presence of A. platys and E. canis in dogs in
an area featured by a high-altitude swamp, and

although the molecular analyses of ticks has not
been performed, the data herein presented
reinforces the role of R. sanguineus s.I. as vector
of A. platys, since positive animals were infested
by this tick species. Finally, preventive measures
against ectoparasites are advocated for dogs living
in this area to reduce the risk of TBPs
transmission.

Keywords: dogs, Anaplasma platys, Ehrlichia
canis

RESUMO

Obijetivou-se neste estudo relatar a frequéncia e a identidade de patégenos transmitidos por carrapatos em
cdes residentes de uma area caracterizada por brejo de alta altitude. Amostras sanguineas (n=203) foram
coletadas e molecularmente analisadas via PCR (Babesia spp., Hepatozoon spp., Anaplasma spp. e
Ehrlichia spp.) e sequenciamento de DNA. De todas as amostras analisadas, 8,87% (18/203) foram
positivas a algum patégeno transmitido por carrapato. Especificamente, 5,42% (11/203) e 3,45% (7/203)
foram positivos a Anaplasma platys e Ehrlichia canis, respectivamente. Este estudo fornece, pela primeira
vez, evidéncia cientifica de infeccéo de cées por esses patdgenos nessa area de alta altitude e reforga o
provavel papel de R. sanguineus s.l. como vetor de A. platys, principalmente considerando.se que muitos

animais positivos eram infestados por essa espécie de carrapato.

Palavras-chave: cdes, Anaplasma platys, Ehrlichia canis
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