DOI: 10.5433/1679-0359.2020v41n3p897

Molecular diagnosis and risk factors of canine ehrlichiosis in the
municipality of Itabuna-Bahia, Brazil

Diagnostico molecular e fatores de risco da erliquiose canina no
municipio de Itabuna-Bahia
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Highlights:

Dogs from Itabuna-Bahia have a high infection level by Ehrlichia canis.

Contact with other dogs is an important factor for the dissemination of ehrlichiosis.
Males had lower risk of infection with £. canis.

Abstract

Ehrlichiosis is an emerging zoonosis worldwide and has had several adverse effects on public health.
Canine monocytic ehrlichiosis (CME), caused by Ehrlichia canis, has the tick Rhipicephalus sanguineus
as the vector. The main clinical signs in affected dogs are fever, apathy, anorexia, weight loss, and
neurological signs. The diagnosis is made through the association of clinical signs with parasitological,
serological, and molecular tests. The aim of this study was to evaluate the occurrence of . canis infection
in dogs from the city of [tabuna-Bahia, as well as to identify the risk factors related to infection. For this,
405 dogs from the Center for Zoonoses Control (CCZ), non-governmental organizations (NGOs), and
dogs domiciled and semi-domiciled in the city of Itabuna, southern Bahia, were evaluated. After initial
physical evaluation of the dogs, blood samples were collected by venipuncture for subsequent DNA
extraction and E. canis testing using the nested Polymerase Chain Reaction (nested-PCR) technique.
In addition, an epidemiological questionnaire that included questions related to the animals was
administered to the dog owners to identify the risk factors for exposure to the etiological agent and to the
vector. Approximately 17% of the dogs in the municipality of Itabuna-Bahia tested positive for E. canis
by nested-PCR, a result higher than that found in other studies conducted in the same municipality.
Among the factors associated with E. canis infection, contact with other dogs (p = 0.0226) was an
important factor for the dissemination of CME, since dogs are reported to be reservoirs of E. canis.
Male dogs (p = 0.0016) presented lower risk for E. canis infection. Other studies, however, describe no
association between animal gender and infection by E. canis. Preventive measures to reduce exposure
to the vector of ehrlichiosis are necessary.
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Resumo

A erliquiose ¢ uma zoonose emergente em todo o mundo ¢ tem acarretado diversos transtornos para a
satde publica. A erliquiose monocitica canina (EMC), causada pela Ehrlichia canis, tem como vetor o
carrapato Rhipicephalus sanguineus. Os principais sinais clinicos nos cées afetados sdo febre, apatia,
anorexia, perda de peso e sinais neuroldgicos. O diagnoéstico ¢ feito através da associagdo dos sinais
clinicos, exames parasitologicos, sorologicos ¢ moleculares. Objetivou-se através deste estudo avaliar
a ocorréncia de infecgdo por E. canis em cdes do municipio de Itabuna-Bahia, bem como identificar os
fatores de risco relacionados a infecg¢do. Para tanto, foram avaliados 405 cdes provenientes do Centro
de Controle de Zoonoses (CCZ), Organizagdes ndo governamentais (ONGs), cdes domiciliados e
semi-domiciliados da cidade de Itabuna-Bahia. Apds avaliagdo fisica inicial dos cées, procedeu-se em
seguida a coleta de amostras de sangue por pungdo venosa, para posterior extragdo de DNA ¢ pesquisa
de E. canis pela técnica de nested-Reagdo em Cadeia de Polimerase (nested-PCR). Adicionalmente,
um questionario epidemiologico foi aplicado junto aos responsaveis, no qual constavam questdes
relacionadas aos animais, com a finalidade de identificar os fatores de risco de exposigdo destes ao
agente etioldgico e ao vetor. Em suma, este estudo mostrou que aproximadamente 17% dos céaes do
municipio de Itabuna-Bahia foram positivos para E. canis pela nested-PCR, resultado superior ao
encontrado em outros estudos realizados no mesmo municipio. Dos fatores associados a infecgdo por E.
canis, foi significativo o contato com outros cées (p=0,0226), um fator importante para a disseminagdo
da EMC, pois os cédes sdo relatados como reservatorios da E. canis. O género macho (p=0,0016)
apresentou menor risco para a infecgéio por E. canis. Outros estudos, no entanto, descrevem que ndo ha
nenhuma associagdo entre o género do animal e a infecg¢do por E. canis. Adverte-se a populagdo sobre a
necessidade de medidas profilaticas para diminuir a exposi¢ao ao vetor da erliquiose.

Palavras-chave: Canis familiaris. Ehrlichia canis. Nested-PCR. Zoonose. Doengas transmitidas por

vetores.

Introduction

Ehrlichiosis is a zoonosis that affects many
species of animals, such as domesticated animals
including dogs, cats, horses, ruminants, as well as
wild animals and humans (Perez, Bodor, Zhang,
Xiong, & Rikihisa, 2006; Otranto, Dantas-Torres,
& Breitschwerdt, 2009; Isola, Cardioli, & Nakage,
2012; Vieira et al., 2013; Pritt et al., 2017). The
literature describes three diseases in dogs that are
caused by different species of Ehrlichia: canine
monocytic ehrlichiosis, caused by Ehrlichia canis;
granulocytic ehrlichiosis, caused by the agents
E. ewingii e Anaplasma phagocytophilum; and
thrombocytic ehrlichiosis, caused by por 4. platys
(Dagnone, Morais, & Vidotto, 2001).

Canine monocytic ehrlichiosis (CME), also
known as tropical canine pancytopenia, canine
hemorrhagic fever, or tick typhus (Vieira et al.,
2013; 1. P. M. Silva, 2015), is an endemic disease
in tropical and subtropical regions, with reports in
temperate regions. The geographical distribution of

CME is related to the presence of the vector, the
tick Rhipicephalus sanguineus (Vieira et al., 2013;
Krawczak et al., 2015).

In Brazil, CME is present almost everywhere,
since R. sanguineus is well adapted to tropical and
subtropical regions (Accetta, 2008; Vieira et al.,
2011; Ribeiro et al., 2017), with prevalence ranging
from 7% to 60% (Dagnone et al., 2001; Fonseca,
Hirsch, & Guimaraes, 2013; . P. M. Silva, 2015).

CME can have three clinical stages: acute,
subclinical, and chronic. In the acute stage of the
disease, the dog presents with fever, depression,
and anorexia. In the subclinical phase, the animal
presents predominantly with  hematological
alterations such as thrombocytopenia, leukopenia,
and anemia. In the chronic stage, the same signs as
in the acute phase are present, in addition to bone
marrow hypoplasia and some neurological signs
such as ataxia, neuromotor dysfunction, and central
or peripheral vestibular dysfunction (Morais,
Hoskins, Almosny, & Labarthe, 2004; Moretti,
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Silva, Ribeiro, Paes, & Langoni, 2006; Saito, 2009;
Isola et al., 2012; I. P. M. Silva, 2015).

The diagnosis of CME is based on clinical signs,
in conjunction with the results of parasitological,
serological, and molecular tests (Carvalho,
Wenceslau, Carlos, & Alburquerque, 2008). The
polymerase chain reaction (PCR) enables a more
accurate diagnosis of CME, with good results in
both acute and chronic phase animals (Igbal &
Rikihisa, 1994). Besides having high sensitivity
and specificity, PCR allows differentiation between
species of the genus Ehrlichia, unlike other
diagnostic techniques. Furthermore, due to its high
sensitivity, it is able to identify a small amount of
parasite DNA, equivalent to only five copies of F.
canis (Ueno et al., 2009).

The
ehrlichiosis in recent years has motivated further

increase in the number of cases of
research, due to both the zoonotic character of this
disease and the high morbidity and mortality rates
in dogs (Dagnone et al., 2001; Menezes, Souza,

Teixeira, & Guimaraes, 2008; Guedes et al., 2015).
Thus, the aim of the present study was to evaluate
the occurrence of E. canis infection in dogs of
Itabuna-Bahia, Brazil, as well as to determine the
factors associated with exposure to the agent.

Material and Methods
Study area and animals

The study was conducted in the municipality
of Itabuna (Latitude 14°47°08” South; Longitude
39°16°49” West), located in the Southern Bahia
Region, Ilhéus-Itabuna Microregion, State of Bahia,
Brazil (1). The city is about 426 kilometers from the
state capital and is part of the Atlantic Forest biome.
The municipality has an estimated population of
219,680,000 inhabitants, a total area of 401,028 km?
and a population density of 473,50 inhabitants/km?.
The average rainfall is 1419 mm per year (Instituto
Brasileiro de Geografia e Estatistica [[BGE], 2016).

Figure 1. Location of the municipality of [tabuna in Bahia.
Fonte: http://www.skyscrapercity.com/showthread.php?t=463643
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The study included 405 dogs from an estimated
population of 32,839, with age ranging from four
months to 15 years, of both sexes, which were
sampled for convenience. The dogs were domiciled,
without free street access (162 animals), or semi-
domiciled, with some street access (173 animals).
Some came from the Zoonosis Control Center (ZCC)
(22 dogs) and non-governmental organizations
(NGOs) (48 dogs).

Sample collection was performed from March to
June 2016. Prior to the inclusion of the animals in
the study, the owners or guardians of the dogs were
informed about the research, and after agreement,
signed a free and informed consent. This study was
approved by the Animal Use Ethics Committee
(CEUA) of the Santa Cruz State University located
in the municipality of [lhéus, southern Bahia, Brazil
(Protocol 034/15).

History, clinical examination, and epidemiological
data collection

An  epidemiological
administered to dog owners and/or guardians.
Questions related to animals (sex, age, presence
of ticks, and contact with other dogs) were asked,
in order to identify the risk factors associated with
infection. Anamnesis and physical examination
of all dogs included in the study were performed,
in which mucosa staining, hydration, lymph node
size, tick parasitism, presence of petechiae, and
ecchymoses in the skin and mucosa were verified,
in order to investigate the occurrence of physical
changes consistent with the disease.

questionnaire ~ was

Biological samples collection

After physical restraint, 5 mL of blood was
collected from each dog through jugular or cephalic
venipuncture using sterile syringes and needles. The
samples were stored in tubes with ethylenediamine
tetraacetic acid anticoagulant (EDTA) and stored in
a recyclable ice pack. Subsequently, the leukocyte

cap, which corresponds to the layer where most of
the leukocytes and platelets are concentrated was
collected via centrifugation. and separation by
density gradient. The materials were then stored in
Eppendorf-like tubes at -20 °C until DNA extraction.

DNA extraction and polymerase chain reaction

DNA was extracted from the leukocyte coat
using the Easy-DNA kit (Invitrogen®), following
the manufacturer’s instructions. The extracted DNA
was quantified using Nanodrop and then stored at
-20 °C. For E. canis DNA amplification, a nested
PCR was performed. In the first reaction, forward
ECC (5-AGAACGAACGCTGGCGGCAAGC-3
9 and reverse ECB
(5’-CGTATTACCGCGGCTGCTGGCA-37)
were used, which amplify part
of the Ehrlichia spp. 16StRNA gene. In
the second reaction, the forward ECAN
»-CAATTATTTATAGCCTCTGGCTATAGGA-3’)
and reverse HE3
(5’TATAGGTACCGTCATTATCTTCCCTAT-3”)
primers were used, according to the methodology
described by Murphy, Ewing, Whitworth, Fox and
Kocan (1998), to give a final product of 396 base
pairs.

primers

Each reaction mixture was prepared to a final
volume of 25 pL and contained 0.2 mM of each
dNTP, 1.5 mM MgCl,, 50 mM KCl, 10 mM Tris-
HCI, pH 9.0, 0.2 uM of each primer, 2U TagDNA
polymerase (Invitrogen®), and 6pL of purified
DNA. Nested-PCR reactions used 3 pL of amplified
products. The first reaction amplification protocol
consisted of initial denaturation for 3 minutes at
94 °C, followed by 35 cycles of denaturation at 94
°C for 1 minute, annealing at 68 °C for 2 minutes,
extensionat 72 °C for 2 minutes, and a final extension
72 °C for 7 minutes (Carvalho et al., 2008). For the
second reaction, initial denaturation was performed
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
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minutes, with final extension at 72 °C for 7 minutes
(Carvalho et al., 2008). Nested-PCR products were
submitted to 1.5% agarose gel electrophoresis
containing Sybrgreen (SYBR Safe DNA gel stain -
Invitrogen). Positive controls were samples positive
for E. canis (Guedes et al., 2015). Ultrapure water
was used as negative control. Bands were verified
using an ultraviolet transilluminator, followed by
photocumentation on the Locus Biotechnology
L-Pix Transilluminator.

Statistical analysis

The analysis of the results was performed based
on the association between risk factors and the
results obtained in nested-PCR. The data obtained
from the physical inspection of the animals were
also analyzed. Data were analyzed using the
Chi-square test or Fisher’s exact test with the
aid of Epi-Info 7.2.0.1. Bivariate analysis and
then multivariate analysis were performed using

82; 15%

202; 36%

unconditional logistic regression to identify risk
factors related to E. canis infection. In the bivariate
analysis, all independent variables were crossed
with the dependent variables (positive or negative
for E. canis), selected, and subjected to Spearman
correlation to verify multicollinearity (p> 0.8).

Results

Of the 405 dogs evaluated, 67 dogs (16.54%)
tested positive for E. canis. The physical changes
observed in the animals are shown in Figure 2. The
presence of petechiae/ecchymoses (p = 0.016) in
the skin and mucosa was more frequent in animals
positive for E. canis (Table 1). Among the factors
associated with E. canis infection, male sex (p =
0.0016) was a factor associated with lower risk
of infection, while contact with other dogs (p =
0.0226) was a risk factor (Tables 2 and 3). There
was no collinearity between the variables (p> 0.8).

@ Pale mucous membranes
145 3%

® Lymph nodes alterations

1 Petechiae /Ecchymoses
on the skin and / or
mucous membranes

i Dehydration
5 Vomiting

m Diarrhea

173; 31%

& Weight loss
@ Eye Discharge
w1 Presence of ticks

W Asymptomatic animals

Figure 2. Physical changes consistent with ehrlichiosis presented by dogs evaluated from

Itabuna-Bahia.
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Table 1
Findings observed on physical examination of dogs from the municipality of Itabuna-Bahia positive for E. canis
in nested-PCR

Variable N Positive dogs Prevalence OR 95% CI P-value
Yes 82 12 14,63% 0,83
Pale mucous membranes No 323 55 17.02% 1% 0,42-1,64 0,72
. Yes 14 1 7,14% 0,37
Lymph nodes alterations No 391 66 16.87% 1* 0,04-2,94 0,55
Petechiae/ Yes 7 4 57,14% 7,08
Ecchymoses No 398 63 15,82% 1* 1,54-32,44 0,016
. Yes 27 5 18,51% 1,15
Dehydration No 378 62 16.40% 1 0,42-3,17 0,98
.. Yes 7 2 28,57% 2,04
Vomiting No 308 65 16.33% 1 0,38-10,79 0,72
. Yes 3 0 - - Hok
Diarrhea No 402 67 16,66% 1% ) 1,00
*Reference
**Fisher’s test.
Table 2
Bivariate analysis of the variables related to E. canis infection in positive dogs from Itabuna-Bahia
Variable N P(:isol;:e Prevalence OR 95% CI P-value
. Yes 173 29 16, 76% 1,02
Tick Presence No 232 18 16.37% 1% 0,60-1,74 1,00
<5 years 272 46 16,91% 0,98
Age (years) >5years 133 21 15,79% px o 05176 1,00
. Yes 198 41 20,70% 1,81
Contact with other dogs No 207 2% 12.56% 1 1,06-3,10 0,038
Female 213 47 22,06% 1*
Gender Male 192 20 10,41% 041  023-0.72 0003
*Reference.
Table 3

Multivariate analysis of the association between dogs positive for E. canis and gender and contact with other
dogs, in the municipality of Itabuna-Bahia

Variable Odds Ration Confidence Interval 95% P-value
Contact with other dogs 1,88 1,09-3,23 0,0226
Male gender 0,40 0,22-0,70 0,0016

Likelihood= 0,004.
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Discussion

The frequency of infection found in this study was
higher than that observed by Carvalho et al. (2008),
who reported 7.8% prevalence of E. canis infection
through nested-PCR using the same primers, in
dogs from the cities of Ilhéus and Itabuna. This
higher percentage of cases in the municipality of
Itabuna verified in this study may be due to the fact
that the sampling was more significant compared
to that of Carvalho et al. (2008), who evaluated
only 69 samples from this municipality. Other
studies conducted in the state of Bahia found higher
prevalence rates of E. canis infection. Using nested-
PCR and the same primers, Menezes et al. (2008)
and Guedes et al. (2015) reported 33.3% and 25.6%
of positive animals in the municipalities of Salvador
and Itubera, respectively.

In addition, most of the animals evaluated came
from the ZCC, NGOs, and poor neighborhoods,
where a higher frequency of infection was expected,
as these locations usually pose a higher risk of dog
exposure to the vector tick. This greater exposure
occurs due to contact with other dogs, which
facilitates the acquisition of ticks, and there is
usually no adequate prophylaxis such as vector
tick control using acaricides, identification, and
treatment of sick animals to decrease the chance
of infestation. (Otranto et al., 2010). This can be
reinforced by the result obtained in this study, which
shows that animals that had contact with other dogs
were more likely to become infected than those who
did not have this type of contact (Table 3). In a study
developed by Azevedo et al. (2011), contact with
other dogs was also considered a risk factor for E.
canis infection, indicating that this is an important
factor for the transmission of CME.

Another factor that may influence the variation
between the results is the phase of the disease in
which the animal is at the moment the diagnosis
is made. In the acute phase of EMC, bacteria are
detected in the circulating blood, while in the
subclinical or chronic phases, spleen sequestration

ofinfected cells may occur (Faria et al., 2010; Harrus
& Waner, 2011). Thus, PCR from blood samples has
better sensitivity when the animals are in the acute
phase of the disease. During the physical evaluation
of the dogs in this study, 202 of the 405 animals did
not manifest clinical signs characteristic of CME
(Figure 2), and are therefore not in the acute phase
of the disease. However, 23 of these 202 animals
were positive for E. canis, reinforcing the fact that
animals infected with E. canis may have subclinical
infection. Animals may remain infected for years
without showing clinical signs of the disease. Some
authors, however, reported the occurrence of slight
hematological changes such as thrombocytopenias,
in addition to high specific antibody titers (Harrus
& Waner, 2011). Immunocompetent dogs usually
recover, while immunocompromised dogs progress
to the chronic disease phase (I. P. M. Silva, 2015).

In this study, an association was observed
between the presence of petechiae and ecchymoses
in the skin and/or mucosa and E. canis infection.
Saito (2009) and Witter et al. (2013) also associated
the presence of these changes with infection with this
agent. Generally, animals with CME have vascular
disorders associated with thrombocytopenia, which
cause petechial hemorrhages and bruises in different
organs and body regions (Ueno et al., 2009).

The results obtained in this study indicate that
males have lower risk of infection with E. canis.
Other studies, however, reported no association
between animal gender and FE. canis infection
(Nakaghi, Machado, Costa, André, & Baldani,
2008; Sousa et al., 2010; Isola et al., 2012; G. C.
Silva et al., 2012).

Although some studies have suggested that
age and tick parasitism are risk factors for E.
canis infection, in this study these factors had no
significant effects. This lack of association has also
been reported by other authors (Carlos, Carvalho,
Wenceslau, Almosny, & Albuquerque, 2011; Souza
et al., 2010; Ueno et al., 2009; Witter et al., 2013).
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Regarding the absence of ticks in most positive
animals at the time of collection (Table 2), it is
worth noting the possibility that these dogs were
parasitized by R. sanguineus before the examination.
Although there was no statistical significance in
this study, dog exposure to R. sanguineus is of
extreme importance for the transmission of CME.
Infected ticks only transmit the bacteria for a period
of 155 days (Lewis Jr., Ristic, Smith, Lincoln, &
Stephenson, 1977); however, dogs can remain
infected for up to five years after the initial infection
(Trapp et al., 2006; Saito, 2009; Isola et al., 2012).
Thus, it is necessary for the tick to become infected
by performing blood repast on an infected dog and
subsequently transmit the infection to a healthy dog
(Saito, 2009; Guedes et al., 2015).

Conclusion

This study revealed a high prevalence of dogs
positive for E. canis in the municipality of Itabuna-
Bahia, Brazil. This result warns of the imminent risk
of exposure of the human and canine population to
this agent, which is a zoonosis and have adverse
effects on public health. Veterinarians should always
advise the population on the care of their animals so
that exposure to R. sanguineus is reduced.
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