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Abstract. Anaplasma and Ehrlichia species are important tick-borne pathogens that cause
disease in cattle, dogs, horses and humans; with little information available about these
agents in Colombia. The aim of this study was to provide molecular evidence for the presence
of Anaplasma sp. and Ehrlichia sp. species in ticks collected from horses, dogs and cattle in
Cordoba, Colombia. In this study, 1.105 ticks were removed from 226 zebu cattle (Bos indicus),
87 dogs (Canis lupus familiaris) and 19 horses (Equus caballus), from different localities of
Cordoba. Ticks were identified taxonomically and PCR assays were used for the amplification
of Anaplasma sp. and Ehrlichia sp. DNA. The amplification products were sequenced and
analyzed. From the 1,105 ticks examined, 679 (61.5%) were Rhipicephalus microplus, collected
from cattle, 353 (32%) were Rhipicephalus sanguineus from dogs and 73 (6,6%) Dermacentor
nitens collected on horses; 332 pools were formed to develop the PCR assay. Anaplasma sp.
and Ehrlichia sp. DNA was detected in 5.7% (19/332 pools). Direct sequencing of amplicons
showed that seven sequences had similarities between 99-100% with Anaplasma marginale,
one sequence showed 100% identical with Anaplasma phagocytophilum, seven sequences
showed 100% identity with Ehrlichia ewingii, one sequence had 100% identity with E.
chaffensis and three sequences showed similarities of 99% and 95% with Ehrlichia mineirensis
and Ehrlichia canis respectively. In conclusion, several tick-borne pathogens identified in
this survey suggests that there is a risk for the emergence of tick-borne diseases in domestic
animals and humans in Colombia. Our data provides evidence of Ehrlichia and Anaplasma
species circulating in ticks from Cordoba.

INTRODUCTION Anaplasma comprises six species: A.

centrale, A. marginale, A. bovis, A. ovis, A.

Anaplasma and Ehrlichia are small, Gram-
negative, intracellular bacterial parasites,
which belong to the family Anaplasmataceae
and cause a variety of infections in humans
as well as wild and domestic animals.
Anaplasma and Ehrlichia species are
maintained in nature through an enzootic
cycle involving ticks and vertebrate hosts
(Rar et al., 2010).

Ticks of the family Ixodidae transmit
Anaplasma and Ehrlichia genera naturally
to vertebrate hosts. The pathogens are divided
into various distinct genogroups. The genus
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phagocytophilum and A. platys. The genus
FEhrlichia consists of five species, which
include E. canis, E. chaffeensis, E. muris,
E. ewingii and E. ruminantium (Aktas,
2014; Dumler, 2005). Most of these species
are pathogens of veterinary importance in
dogs, horses and cattle. They also are
responsible for large economic losses
estimated at millions of dollars per year in
various countries (Oliveira et al., 2011).
Human granulocytic anaplasmosis
(HGA) and human monocytic ehrlichiosis
(HME) are zoonotic tick-borne diseases



caused by A. phagocytophilum and E.
chaffeensis respectively. The clinical
presentation of HGA is nonspecific and
usually consists of fever of >38.5°C,
headache, malaise, myalgia, and/or
arthralgia, and is often accompanied by
laboratory abnormalities such as leukopenia,
thrombocytopenia, and increased activity of
hepatic enzymes (Brouqui et al., 2004;
Koebel et al., 2012). Clinical presentation
of HME includes a flu-like syndrome with
varying degrees of anemia, thrombo-
cytopenia, and leukopenia, and elevated liver
enzymes (Blanco & Oteo, 2002). However,
many clinical suspicions of these diseases
are not investigated, have no proven etiology,
and are subsequently not reported.

In Colombia, only few studies on
Anaplasma sp. and Ehrlichia sp. in animals,
ticks and humans have been reported by
serological and molecular methods (Hidalgo
et al., 2009; Vargas-Hernandez et al., 2012).
Seroepidemiological data suggest that many
human infections go unrecognized in
Cordoba and the Caribbean (Mattar & Parra,
2006). The aim of this study was to provide
molecular evidence for the presence of
Anaplasma sp. and Ehrlichia sp. in ticks
collected from horses, dogs and cattle in
Cordoba in the Northern region of Colombia.

MATERIALS AND METHODS

Study areas. The department of Cérdoba is
an area mostly used for agriculture and
livestock, is a tropical dry forest with
temperatures >24°C and from 20 to 100 m
above sea level. The ticks were collected
from municipalities of Planeta Rica (08° 24'
53" N. 75° 13' 18" W), Los Cérdoba (08° 54'
00" N. 76° 21' 35" W), Ciénaga de Oro (08° 52'
41" N. 75° 37' 27" W), Sahagun (08° 56' 58" N.
75° 26' 5" W), San Carlos (08° 48' 02" N. 75°
42' 08" W), San Pelayo - Pelayito (08° 57' 37"
N. 75°50' 31" W) and Monteria (08° 45' 27" N.
75° 53' 25" W) in the North West of Colombia.

Sample collection. From October 2011 to
Jun 2012, a total of 1.105 ticks were removed
from 226 zebu cattle (Bos indicus), 87 dogs
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(Canis lupus familiaris) and 19 horses
(Fquus caballus), from the different localities
listed above. Only adult ticks were collected
and preserved in 96% ethanol and transported
to the Instituto de Investigaciones Biologicas
del Tropico, University of Cérdoba, for
laboratory analyses.

Tick identification and nucleic acid
extraction. All ticks were observed under a
stereomicroscope (Leica EZ4HD, CH-9435,
Heerbrugg, Switzerland) and identified
taxonomically following the scheme
described by (Barros-battesti et al., 2006).
Ticks were grouped in pools of 3 or 5
individuals from the same host, the total
number of pools was 332. The pools were
preserved in ethanol at 96°C for subsequent
laboratory procedures.

Each pool of ticks were dried and
dissected using sterile scalpel blades and
transferred into 2 ml sterile microcentrifuge
tubes. The ticks were crushed after 200pl of
phosphate buffered saline were added. DNA
was extracted using a QIAamp DNAMini-Kit
(QIAGEN, Valencia, CA) and eluted in a final
volume of 100 pl.

PCR amplification. Two conventionals
PCR assays were used for the amplification,
one for Anaplasmataceae and other for
FEhrlichia specific genus dsb gene. For
Anaplasmataceae assay the PCR reactions
contained a final concentration of 0.2pM
of the primers GE2 5'- GTTAGTGGGAGAC
GGGTGAGT-3' and HE3 5'-TATAGGTACC
GTCATTATCTTCCCTAT-3' for forward and
reverse primers respectively, these primers
amplifies a 360 bp fragment of the 16S TRNA
(Aguiar et al., 2008). PCR cycling conditions
were performed in automated MJ Research
PTC-100TM thermal cyclers as follows: 1
cycle at 95°C for 2 min, followed by 40 cycles
of 10sat 95°C, 15 s at 55°C and 1 min at 70°C.

For the amplification of genus-specific
FEhrlichia, the assay amplifies a 409 bp
fragment of the dsb gene which encodes a
protein involved in disulfide bond formation.
The PCRs contained a final concentration of
0.2pM of the primers Dsb 330 5'-GATGATG
TCTGAAGATATGAAACAAAT-3' and Dsb 728



5-CTGCTCGTCTATTTTACTTCTTAAAGT-3'
for forward and reverse primers respectively
(Widmer et al., 2011). PCR cycling conditions
of 1 cycle at 95°C for 2 min, followed by 40
cycles of 15 s at 95°C, 30 s at 55°C and 1 min
at 72°C. In both assays a recombinant
TagDNA Polymerase (Invitrogen, Brazil) was
used; made of 2.5 U and 5 jl of template DNA
in a final volume of 50 pl.

Positive control of Ehrlichia canis, DNA
was kindly donated by Professor Marcelo
Bahia Labruna from University of Sao Paulo
(USP) Brazil, positive control for Anaplasma
sp. DNA was obtained from blood samples
obtained from a naturally infected bovine that
was diagnosed clinically and by microscopic
visualization by veterinarians from the
University of Cordoba from the department
of Cérdoba. Negative deionized water and
extraction controls were included in each
PCR. Electrophoresis on agarose gel of 1.5%
was used to separate PCR products, stained
with ethidium bromide and examined using
an ultraviolet (UV) transilluminator
(ImageQuant 100, Uppsala, Sweden). The
PCR products were cleaned using a PureLink
Quick Gel Extraction kit (Invitrogen,
Carlsbad, CA) according to the manu-
facturer's instructions, both strands of each
fragment were sequenced directly in an
automatic sequencer (model ABI-PRISM
3130XL, Applied Biosystems, Foster City,
CA).

Sequence analysis

The nucleotide sequences were identified
and compared with others sequences using
the Basic Local Alignment Search Tool
(BLAST) on the National Center for
Biotechnology Information (NCBI) database

website (http:/www.ncbi.nlm.nih.gov/
BLAST). All analyzed sequences had the
primer region sequence removed before
analysis.

RESULTS

Tick taxonomic identification

Of the 1,105 ticks collected directly from
animals, 679 (61.5%) were identified as
Rhipicephalus microplus, collected from
226 zebu cattle (Bos indicus), 353 (32%)
Rhipicephalus sanguineus from 87 dogs
(Canis lupus familiaris) and 73 (6,6%)
Dermacentor nitens collected on 19 horses
(Equus caballus). The total number of pools
was 332.

PCR amplification
Anaplasma sp. and Ehrlichia sp. DNA was
detected in 5.7% (19 out of 332) pools of ticks
by conventional PCR. The prevalence of
Anaplasma sp. and Ehrlichia sp. in ticks was
expressed as a percentage and minimum
infection rate (MIR) or the minimum
percentage of ticks in a pool with detectable
Anaplasma sp. or Ehrlichia sp. (Table 1).
For the primers GE2 and HE3 (which
amplify a fragment of the 16S rRNA gene of
Anaplasmataceae family), 16 samples
yielded the expected amplicon size. All PCR
products were successfully sequenced and
BLAST analysis was performed to compare
the nucleotide sequences of the PCR products
with the sequences in GenBank. Direct
sequences of amplicons showed that 2.4%
(8/332) had more genetic similarity with
Anaplasma species; In seven samples the
nucleotide sequences were 100% identical

Table 1. Identified tick species, pools which tested positive for Anaplasma sp. and Ehrlichia sp. DNA, percentage of infection in pools

and minimum infection rate (MIR) from each tick species

% % %
Tick species Nunpber Number Positive Npools Anap}gsma Anaplasma Erhl?ghia Erhf?chia
of ticks  ofpools pools (%) positive MIR positive MR
pools pools
Rh. microplus 679 226 15 226 (6,6%) 3% (7/226) 1% (7/679) 3,5% (8/226)  1,2% (8/679)
Rh. sanguineus 353 87 3 87 (3,4%) 0 (0/87) 0% (0/353) 3,4% (3/87) 0,8% (3/353)
D. nitens 73 19 1 19 (5,2%) 5,2% (1/19) 1,3% (1/73) 0 (0/19) 0% (0/73)
Total 1105 332 19 332 (5,7%) 2,4% (8/332) 0,75% (8/1105)  3,3% (11/332) 1% (11/1105)
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to each other and showed an identity of 99—
100% with the specie Anaplasma marginale
(GenBank: NR_074556, JQ839012 and
JQ839011). Only the partial nucleotide
sequence of Anaplasma CPY 31 was upload
in the GenBank database under the accession
numbers KM009068. These seven pools of
Rh. microplus ticks were collected from
cattle. The eighth sequence showed 100%
identity with the species Anaplasma
phagocytophilum (EU287434) and 99%
similarity with others A. phagocytophilum
(GU111741, EF547934, JN656381). The
partial nucleotide sequence of Anaplasma
CPY-35 was deposited in GenBank database
under the accession numbers KM009069.
This pool of D. nitens ticks was collected
from a horse.

The other eight sequences 2.4% (8/332)
were detected in Rh. microplus collected
from cattle. This sequences have more
genetic similarity with Fhrlichia sp. Seven
FEhrlichia sp. showed anucleotide sequences
that were 100% identical to each other
and 100% identical with Ehvlichia ewingii
(DQ365880, AF497628, AY093441). Only the
partial nucleotide sequence of Ehrlichia sp.
PB91 was deposited in the GenBank database
under the accession number KM009067.
The eighth sequence showed 100% identity
with E. chaffensis (NR074500, JQ085940,
GQ499971), this sequence of Ehrlichia sp.
ES-113 was deposited in GenBank under the
accession number KM009066.

For Dsb 330 and Dsb 728 primers (which
amplify a fragment of dsb gene), 3 samples
yielded the expected amplicon size (which
not were tested by Anaplasmataceae family
primers), all three pools from Rh. sanguineus
were collected from dogs. These three
sequences were 100% identical to each
other and showed 99% similarity with the
recently proposed new species Fhrlichia
mineirensis UFMG-EV (GenBank JX629808)
and 95% similar with Ehrlichia canis
(DQR460715, GU586135, AF403710) as shown
in Figure 1. One of the sequence Ehrlichia
sp. 1E, was deposited in GenBank under the
accession number KM015219.
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DISCUSSION

Ehrlichiosis and anaplasmosis are tick-borne
diseases with great veterinary importance;
however, in the last few years there has been
growing concern about the increase in human
cases of these diseases in different parts of
the world (Cruz et al., 2012).

Several studies have been carried out on
FEhrlichia species from several countries,
maily in dogs, and few in ticks. Ndip, et al.
in Cameroon found that 30% (28/92) of
Rhipicephalus sanguineus ticks collected
from dogs were infected by three species,
E. canis (68%), E. ewingit (21%) and E.
chaffeensis (14%) (Ndip et al., 2007). Murphy
et al., 1998, in Oklahoma, USA, reported nine
pools of ticks positive for E. ewingit, seven
pools from Rh. sanguineus, one pool from
Amblyomma americanum and one pool from
Dermacentor variabilis all collected from
dogs. Two pools of Rh. sanguineus were
positive for E. canis (Murphy et al., 1998).

In the present study an Ehrlichia species
with a sequence, 100% similar to E. ewingii
was the most commonly detected specie. The
tick Rhipicephalus microplus is probably
the main vector (7 pools), however this
hypothesis needs to be confirmed in
Colombia. One explanation to the high
numbers of Rh. microplus positives is
because the areas where ticks were collected
are mostly used for livestock. In contrast, to
the studies of Ndipl 2007; Murphy et al., 1998,
none of Rh. sanguineus pool in this study
contained nucleotide sequence similar to
E. canis.

In south America, molecular evidence of
FEhrlichia-infected dogs and others animals
have been reported in Argentina (Eiras et al.,
2013), Venezuela (Gutierrez et al., 2008),
Peru (Vinasco et al., 2007), Chile (Lopez et
al., 2012), Brazil (Santos et al., 2009) and
West Indies (Loftis et al., 2013). Serological
evidence of human exposure has been
reported from Brazil, Argentina and
Colombia (Calic et al., 2004; Hidrén Botero
et al., 2014; Ripoll et al., 1999). Tomassone
et al. in Argentina, reported 9,2% of
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Figure 1. Dendrogram showing the phylogenetic relationships based on nucleotide partial
sequences of the 16S rRNA gene (310 bp) of Anaplasma and Ehrlichia species detected
in ticks. The sequences obtained in this study are labeled with parentheses (this study).
The tree was constructed using the neighbor-joining method and numbers above internal
nodes indicate the percentages of 1,000 bootstrap replicates that supported the branch.
GenBank accession numbers are shown in parentheses. N. sennetsu sequence was used
as outgroup. Evolutionary analyses were conducted using MEGA 6.

Amblyomma parvum were infected with
E. chaffeensis (Tomassone et al., 2008). In
our study we did not analyze Amblyomma
ticks; but we found an Ehrlichia sp. closely
related to E. chaffeensis (nucleotide
sequence 100% similar) in Rh. microplus.
This results show that others species of ticks
in addition to Amblyomma americanum
(principal vector of E. chaffeensis in
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North America) could be responsible fo
transmission in South America.

In Brazil, Widmer et al., 2011 detected
DNA of an unknown Ehrlichia in A. triste
and A. cajennense ticks collected from free-
living jaguars (Panthera onca). Partial
sequences obtained from these samples
resulted in a new ehrlichial strain, designated
as Ehrlichia sp. strain Jaguar (Widmer et al.,



2011). In the same country Cruz et al., 2012,
isolated an Ehrlichia agent in IDES tick cell
culture in Rh. microplus collected from
infested cattle in the state of Minas Gerais.
The molecular and phylogenetic analysis
based on 16S rRNA, groEL, dsb, gitA and
gp36 genes showed that the Ehrlichia spp.
isolated is a new species, named Candidatus
Enhrlichia mineirensis (Cruz et al., 2012).
Three sequences detected in Rh. sanguineus
collected from dogs in the present study were
99% identical to Candidatus FEhrlichia
mineirensis. further sequence analysis (gltA
and gp36 genes) to establish the current status
of this strain are necessary, as well as needed
to clarify the pathogenic potential,
geographic distribution or host range of this
agent.

In Colombia, despite the few reports of
ehrlichiosis in animals, only E. canis has
been reported. In 2003, Benavidez et al.,
diagnosed by serologic test and clinical
compatibility a dog with ehrlichiosis
(Benavides & Ramirez, 2003). In 2006, in
Bucaramanga, 41% (33/80) of dogs were
reported seropositives for E. canis based on
IFA test (Contreras et al., 2007).

In dogs from Villeta, Cundinamarca
Hidalgo et al., found seroprevalence of 31.8%
to Ehrlichia sp. A study in dogs from three
cities of Colombia during 2011, reported E.
canis in 83%, 80% and 26% of dogs in
Barranquilla, Cartagena and Medellin
respectively (McCown et al., 2014b). Vargas
et al., 2012, showed that 82,4% (75/91) of dogs
were positives to E. canis by IFA test. This
study also demonstrated for the first time in
Colombia evidence of E. canis by molecular
detection in the blood of 40.6% of dogs (37/
91). Sequences from all positive dogs were
99% identical with E. canis isolated from
around the world (Vargas-Hernandez et al.,
2012).

All reports show E. canis to be widely
distributed in Colombia; however, other
species of Ehrlichia genus are unknown in
the country. On the other hand, Anaplasma
marginale is one of the most prevalent tick-
transmitted diseases of cattle worldwide. In
the United States, economic losses resulting
from morbidity and mortality of anaplasmosis
are estimated to be over $300 million per
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year. The disease is the most prevalent
hemoparasitoses in Latin America,
responsible for economic losses between
in $800 and $875 million in these countries
(Kocan et al., 2003; Oliveira et al., 2011).

Bovine anaplasmosis is endemic in
Central and South America, and the Caribbean
Islands. It is enzootic in most Latin American
countries, with the exception of desert areas
or mountain ranges such as the Andes
(Guglielmone, 1995). In this region A.
marginale is considered to be transmitted
by Rh. microplus ticks, as shown in our
results (7 pools of Rh. microplus with A.
marginale). However, other associations
between A. marginale and others ticks are
very common in different parts of the world.
For example, in Tanzania Fyumagwa et al.,
2009 detected A. marginale in a wide range
of tick species, including Amblyomma
gemma, Rhipicephalus appendiculatus, R.
compositus, R. decoloratus, R. praetextatus
and R. pulchellus (Fyumagwa et al., 2009).
According to other authors, biological
transmission of A. marginale is effected by
ticks, and approximately 20 species of ticks
have been incriminated as vectors worldwide
(Kocan et al., 2003).

In Colombia, bovine anaplasmosis is
endemic in many areas; however, climatic
conditions (high - low temperature), the
altitude above sea level and the vector
distribution affect it is prevalence. Some
serologic studies indicated seroprevalences
between 0 and 100% around the country
(Kocan et al., 2003). According to Patarroyo
et al., 1978, in Cérdoba the prevalence of
anaplasmosis was 90% (533/590) using an
agglutination card test (the results obtained
in this survey have confirmed that infection
with A. marginale is widespread in Cérdoba
and suggest that anaplasmosis could be
endemic in the whole region.

A. phagocytophilum also causes self-
limiting, economically significant disease
in Europe (Reinbold et al., 2010). A.
phagocytophilum is the most common tick-
borne zoonotic bacteria of livestock and free-
living ungulates, which has been found to
persist in species such a horse (Franzen et
al., 2005). The Ixodes ricinus tick has been
found to be the main vector of in this region



(Aktas, 2014). We found in our study a pool of
D. nitens infected with an Anaplasma sp.
That is closly related to A. phagocytophilum
(sequence 100% similar), it is possible that
the horse where D. nitens that was collected
was persistently infected with this strain,
however, the clinical status of the horse at
the moment of tick collection could not be
established.

In Europe, the rate of A. phago-
cytophilum infection in I. ricinus varies
according to locations, from zero to 30% and
it is usually higher in adults than nymphs
(Blanco & Oteo, 2002; Rosef et al., 2009; Strle,
2004). In the USA, approximately 10-50%
of Ixodes scapularis ticks are infected
(Thomas et al., 2009). In South America, A.
phagocytophilum has been found in R.
sanguineus (4,2%) from Argentina (Oscherov
et al., 2011). In Brazil, A. phagocytophilum
was detected in A. cajennense (6,6%) and R.
sanguineus (2,5%) ticks (Santos et al., 2013).
There are no reports of A. phagocytophilum
in ticks from Colombia. In our study
Anaplasma sp. closed related to A.
phagocytophilum was found at a very low
rate (MIR 1,3%) in Dermacentor nitens
collected from one horse. This result could
be similar to the lowest result found in others
locations in South America, North America
and Europe.

McCown et al., 2014 in a serology study
in dogs from three cities of Colombia during
2011, reported A. phagocytophilum in 51%,
40% and 12% in Cartagena, Barranquilla and
Medellin cities respectively. However, the
same author argues that the test used, could
not differentiate between A. phago-
cytophilum and A. platys (McCown et al.,
2014b). A survey conducted in dogs from
Barranquilla by serological and molecular
methods showed 53.2% (116 dogs), and 16%
(35 samples) were positive for the presence
of A. platys DNA. In this study, only two
samples were seropositive for A. phago-
cytophilum, but PCR negative (McCown et
al., 2014a).

Seroepidemiological data suggest that
many human infections go unrecognized in
Colombia. In Sucre (north of Colombia). A
prospective study in people with occupational
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risk factors (farmers and day workers) found
three persons 3,3% (3/90) with IgM antibodies
specific for Ehrlichia chaffeensis by IFA.
(Rios et al., 2008). A seroprevalence rate of
20% (15/75) A. phagocytophilum was
reported in livestock farmers living in
Cordoba and Sucre (Mattar & Parra, 2006).
These data suggest that HME and HGA
zoonotic cases may occur in Colombia with
more frequency; however, such cases has
been not published to date, and the possibility
remains that infection is largely under-
diagnosed.

In conclusion, little is known regarding
the prevalence of Anaplasma and Ehrlichia
species in different tick species in Colombia.
Various possible tick-borne pathogens
detected in this survey suggest a risk for the
emergence of tick-borne diseases in
domestic animals and humans in the country.
Further surveys involving a larger number
of ticks sampled and molecular techniques
to confirm the prevalence of tick-borne
pathogens of veterinary and medical
importance must be carried out across the
country. Our data provides the first evidence
that Ehrlichia and Anaplasma species are
circulating in ticks collected in the Cordoba
north Caribbean region of Colombia.
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