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n INTRODUCTION

In Latin America, the incidence of tick-borne dis-
eases (TBD) is increasing [1-5]. In Colombia, the 

incidence of TBD in humans and domestics ani-
mals is underestimated and unknown in many 
areas. This is in part due to the lack of in-depth 
study of arthropods and vertebrates, and because 
these are not obligatorily notifiable diseases. Un-

Tick-borne pathogens are etiological agents of some 
zoonotic diseases, causing important consequences in 
animal and human health. These are emerging around 
the world, especially in tropical countries including 
Colombia. Domestic dogs play an essential role in the 
epidemiology of several zoonotic tick-borne patho-
gens. We performed the detection of bacteria from 
Anaplasmataceae family and parasites from the Piro-
plasmida order, in 85 domestic dogs from Soledad 
municipality, Atlantico, Colombia. Peripheral blood 
smears, detection by duplex PCR assay (ss rRNA 16S, 
from bacteria and the ITS-1, of ribosomal DNA from 
parasites), and DNA sequencing by Sanger method 
were done. Taxonomic identification was made by 
phylogenetics analysis of the DNA sequences. The 

SUMMARY

gene sequences analysis showed that 12.9% of the 
dogs were infected with Anaplasma spp. Infection was 
higher in young dogs (OR=4.72, 95%CI 1.267-17.584). 
Besides that, 3.5% of them showed inclusions (moru-
lae) compatible with bacteria from the order Rickettsi-
ales. A coinfection with Babesia spp. and a Rickettsi-
ales bacterial pathogens was found. The frequency of 
Anaplasma spp. detected in domestic dogs in Soledad 
highlights the need to improve diagnosis and control 
measures, to prevent the risk of transmission of these 
pathogens among ticks, dogs and humans exposed in 
the area.
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fortunately, this is also common in other countries 
in Latin America and around the world [6]. Some 
studies carried out in Colombia, have shown the 
presence of various tick-borne pathogens, in dif-
ferent ticks (e.g., Rhipicephalus sanguineus, Ambly-
omma sp., and Dermacentor sp.), some of them are 
the most common vectors for Rickettsia sp., Babesia 
sp., Ehrlichia sp. and other emerging pathogens 
such as Anaplasma genus [5, 7, 8]. Taking into ac-
count the previous records and the potential im-
portance of domestic and wild animals in the epi-
demiological cycle of TBD, and having account 
previously findings in the country [3, 8-12]. The 
aim of this study was to investigate the presence 
of tick-borne bacteria belonging to Anaplasmata-
cea family and parasites of the Piroplasmida or-
der in dogs residents in urban areas from Soledad 
municipality, Atlantico department (north Carib-
bean region of Colombia) (Figure 1).

n MATERIALS AND METHODS

Study area
Soledad is a municipality in the Colombian de-
partment of Atlantico and part of the metropoli-
tan area of Barranquilla, the capital of the depart-
ment (Figure 1). Barranquilla is the largest city 
and port in the northern Caribbean Coast region 
of Colombia. Soledad is 6th in population in Co-
lombia and 3rd in the Caribbean region, after Bar-
ranquilla and Cartagena. It is also the city with 

the highest population growth in Colombia and 
in 2005 was 455,734 and 2010 was 580,851. For 
2016 Soledad had 632,014 inhabitants and Barran-
quilla 1,223,967 (Figure 1). Sampling places in-
cluded mainly the neighborhoods: Las Nubes, 
Manuela Beltrán, Villa Adela, Las Colonias, and 
Ciudadela Metropolitana (Figure 1). These, at the 
Soledad municipality, are considered vulnerable 
and low income.

Animals, sample collection and parasitological 
detection of hemoparasites by microscopic 
examination
Dogs from Soledad were included in this study by 
convenience sampling. Mixed breed dogs and 
aged ≥3 month were analyzed by hemoparasitic 
diseases after the owner’s signed the informed 
consent to participate in the study. All the animals 
included in the study were domestic dogs with an 
outdoor or mixed indoor-outdoor lifestyle. All 
dogs were apparently healthy, but detailed clini-
cal examinations were not performed. Owners 
were not aware of TBDs, and no tick control meas-
ures had been used in these dogs. Sampling was 
carried out in 2016.
Canine blood samples were collected from ce-
phalic vein into heparinized tube and transferred 
to 1.5 mL tubes, then were frozen till used in the 
DNA extraction. Using 8 µL, peripheral blood 
smears were staining with Wright-Giemsa and 
then, analyzed for microscopic screening (1000X, 
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Figure 1 - Study and Sampled Areas at Soledad municipality, Atlantico department, 
Colombia. 

 Figure 1 - Study and Sampled 
Areas at Soledad municipality, 
Atlantico department, Colom-
bia.
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searching alterations in blood cells in 20 fields per 
slide). The packed cell volume (PCV) was also 
measured on whole blood collected in EDTA and 
transferred to microhematocrit capillary tubes.

Molecular detection and taxonomic identification  
of hemoparasites using a duplex PCR assay  
and DNA sequencing
Total DNA was extracted using a Wizard® Genom-
ic DNA Purification Kit, following the manufac-
turer’s instructions for blood samples. DNA con-
centrations were measured using a Thermo Scien-
tific Nano Drop 2000 (Thermo Fisher Scientific, 
Waltham, MA, USA). The samples of DNA isolat-
ed were analyzed by duplex PCR assay, detecting 
and typing two DNA targets: 347 bp fragment of 
small subunit ribosomal RNA (16S) from bacteria 
of the Anaplasmataceae family, using the primers 
EHR16SD (5’-GGTACCYACAGAAGAAGTCC-3’) 
and EHR16SR (5’-TAGCACTCATCGTTTA-
CAGC-3’), and 547 bp of the first internal tran-
scribed spacer (ITS-1) of ribosomal RNA, in para-
sites from Piroplasmida order, using the primers 
ITS-15C (5’-CGATCGAGTGATCCGGTGAATTA-3’) 
and ITS-13B (5’-GCTGCGTCCTTCATCGTTGTG-3’) 
[13, 14]. The PCR reactions were at a final volume 
25 μl, containing GoTaq Green Master Mix (2×) 
12.5 μl, 0.2 μM of each primer and 40 ng of DNA 
template. In each PCR assay, Milli Q water and 
DNA of Babesia bovis and Anaplasma marginale 
were used as negative and positive controls, re-
spectively. The thermal cycling protocols were 
carried out in a Bio-Rad thermocycler (Bio-Rad, 
Munich, Germany) according to GoTaq Green 
Master Mix manufacturer’s instructions. PCR 
products amplicons were separated by electro-
phoresis in a 1.5% agarose gel in Tris-borate-ED-
TA buffer, stained with GelStar® (Nucleic Acid Gel 
stain for DNA and RNA analysis). These agarose 
gel were visualized under UV with the Gel Doc 
XR System (Bio-Rad). A molecular weight marker 
(100bp DNA Ladder - Promega Corporation) was 
included in each electrophoresis.
Positive samples were fully sequenced from both 
sense and antisense directions, using the Applied 
Biosystems ABI 3730XL DNA Analyzers with Big-
Dye Terminator V3.1 Cycle Sequencing Kit (Ap-
plied Biosystems). This was carried out at Macro-
gen Inc. (Seoul, Korea). The electropherograms 
files were edited automatically. All sequences 
were manually checked for each position, then 

were aligned with sequences from type material 
from Anaplasmataceae family using MAFFT 
7.428 software. Jukes-Cantor was the best-fit 
model of nucleotide substitution inferred by 
jModelTest [15].
Bayesian Inference (BI) analyses based on the 
Markov Chain Monte Carlo (MCMC) method 
was carried out to estimate phylogenetic relation-
ship between ours samples and Anaplasmataceae 
family member using MrBayes 3.2.6. software 
[16]. Four MCMC chains were run simultaneous-
ly from a random starting tree. The generations of 
the random starting tree were 1,100,000 genera-
tions, saving every 200th tree produced and a 
burn-in of 1,375. A consensus tree was construct-
ed. Rickettsia rickettsi was used as outgroup.

Data analysis
A Pearson’s Chi-square test was used to assess the 
relationship between the presence of pathogens 
and independent variables such as gender, age, 
and location, including the estimation of the odds 
ratio (OR) with 95% confidence interval (95%CI). 
The presence of at least one pathogen was also 
treated as a single entity. The PCV values record-
ed in dogs with and without pathogens were 
compared using a non-parametric t-test 
(Mann-Whitney U test), with a 95% confidence in-
terval (CI) as a measure of uncertainty. A p-value 
<0.05 was considered as statistically significant. 
Statistical analysis was performed in an Excel 
(Microsoft Corp, Redmond, WA, USA) spread-
sheet using the Stata® 14.0 IC licensed software 
(STATA Corp., College Station, TX). 

n RESULTS

Evaluating the demographic characteristics of the 
canine sampled population (n=85), we found that 
22% came from Las Nubes neighborhood, 22% 
from Manuela Beltran and 1% Villa Adela, among 
other neighborhoods of the municipality (Figure 
1). The median age of dogs was 24 months (range 
1-168 months [14 y-old]), 56% were female. 
The results of the microbiological detection of 
hemoparasites by microscopic examination 
showed that 3.5% of the dogs presented infection 
by bacteria of the order Rickettsiales, given the 
forms compatible with morulae (Figure 2) and in 
1.2% a coinfection between forms compatible 
with a parasite of the Babesia genus and a bacteri-
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um from the Rickettsiales order was also observed 
(1.2%) (Figure 2). 
By using a duplex PCR assay for molecular detec-
tion we found natural infection with Anaplasma 
sp. in 12.9% of the dogs (Figure 3). The infection 
with Anaplasma sp. was relatively higher in young 
dogs (OR=4.72, 95%CI 1.267-17.584) (Table 1). Al-
though dogs with anaplasmosis showed at the 
PCV higher values of neutrophils, lymphocytes, 
eosinophils, and basophils, there were no signifi-
cant differences with those not infected (p>0.05) 
and the rest of PCV values were normal.
The first approximation to taxonomic status of the 
canine hemoparasitic infections was made using 
the BLAST service. There, we found 98%-100% of 
similarity between the sequences derived from 
positive canine samples (348 bp) and the sequenc-
es of Anaplasmataceae agents available in Gen-
Bank. In the multiple alignment, including 16 se-
quences of type material, from 11 species repre-
sentatives of the Anaplasmataceae family (Ehrlichia, 
Wolbachia, Ricketsia and Anaplasma genuses), we 
found 99 variable sites and of these, 62 positions 
were parsimoniously informative. The phyloge-
netic analysis show tree mono-phyletic groups 

Figure 3 - Electrophoresis 
showing the amplified prod-
ucts by duplex PCR, lanes 43-
52 corresponded to samples 
of studied dogs; B+: Positive 
control, DNA of Babesia from 
an infected bovine; E+: Posi-
tive control, DNA of Anaplasma 
marginale; C-: Negative control 
with ultrapure water. MW: mo-
lecular weight marker (Prome-
ga™ 1000bp DNA Ladder).
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Figure 3 - Electrophoresis showing the amplified products by duplex PCR, lanes 43-52 corresponded to samples of studied dogs; B+: 
Positive control, DNA of Babesia from an infected bovine; E+: Positive control, DNA of Anaplasma marginale; C-: Negative control 
with ultrapure water. MW: molecular weight marker (Promega™ 1000bp DNA Ladder). 

 

 
 

Figure 2 - Peripheral blood smears with Wright-Giem-
sa staining microscopic screening (1000X) from dogs 
studied. A. Granulocyte with morulae, Rickettsiales 
bacteria multiplying in cytoplasmic membrane-bound 
vacuoles as microcolonies (probably Anaplasma or 
Ehrlichia). B. Erythrocyte infected by Rickettsiales bac-
teria (probably Anaplasma). C. Erythrocyte infected by 
trophozoites of Babesia (parasites are pyriform, rings, 
and band forms of about 1–3 µm in diameter). 
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Figure 2 - Peripheral blood smears with Wright-Giemsa staining microscopic screening 
(1000X) from dogs studied. A. Granulocyte with morulae, Rickettsiales bacteria 
multiplying in cytoplasmic membrane-bound vacuoles as microcolonies (probably 
Anaplasma or Ehrlichia). B. Erythrocyte infected by Rickettsiales bacteria (probably 
Anaplasma). C. Erythrocyte infected by trophozoites of Babesia (parasites are pyriform, 
rings, and band forms of about 1–3 µm in diameter).  

 

 

Table 1 - PCR for Anaplasma according to the age of 
the dogs.

PCR for Anaplasma

Age of the dogs Positive Negative Total

Young 
(<12 months)

6 (28.6%)* 15 (71.4%) 21

Adult 
(≥12 months)

5 (7.8%) 59 (92.2%) 64

Total 11 (12.9%) 74 (87.1%) 85

*OR=4.72 (95%CI 1.267-17.584).
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(Anaplasma, Ehrlichia, and Wolbachia) outlined 
within Anaplasmatacea family, with a clear topo-
logic differentiation supported by highest proba-
bility score (0.8 and 1) (Figure 4). The phylogenet-

ic relationship observed showed a close relation-
ship between our sequences, deposited in the 
GenBank (MK177530-MK177539) (Figure 5) and 
A. platys, but although this is supported by the 
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Figure 4 - Phylogenetic relationships based on the partial sequences of the 16S r RNA gene 
of the family Anaplasmatacea, showing the sequences obtained in this study (MK177530-
MK177539). 

 

  
 

 
 
 

Figure 4 - Phylogenetic relationships based on the partial sequences of the 16S r RNA gene of the family Anaplas-
matacea, showing the sequences obtained in this study (MK177530-MK177539).

Figure 5 - Multiple alignments of the partial sequences of the 16S rRNA gene of the family Anaplasmatacea. The 
sequences included the infected dogs (MK177530- MK177539), deposited at the GenBank and those available at 
the GenBank.
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Figure 5 - Multiple alignments of the partial sequences of the 16S rRNA gene of the family 
Anaplasmatacea. The sequences included the infected dogs (MK177530- MK177539), 
deposited at the GenBank and those available at the GenBank. 
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high values of probability (0.966), the values   of 
pairwise genetics distance scores within the mem-
bers of genus Anaplasma genus (Table 2), indicate 
that A. platys differs in equal percentage from the 
sequences obtained from the dogs (MK177530-
MK177539), as well as from the sequences of the 
other members of the genus, with values   of genet-
ic distances that they do not exceed 1% (0.01). Ad-
ditionally, when comparing the variable sites 
among the three members of this genus, 14 varia-
ble sites were found, of these, there are only two 
unique variable sites (8 and 175) between A. platys 
and A. phagocytophilum; there is a unique variable 
site (175) between A. platys and A. odocoilei, while 
between our sequences and A. platys, there are 
seven unique polymorphic sites (1, 9, 10, 11, 13, 

Table 2 - Pairwise distances (p) among the different sequences of Anaplasma from this study (MK177530-MK177539) 
and those selected from the GenBank.

GenBank accession 
number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

01. AF286699 
A. platys

02. MK177530-
CfCASol1

0.01

03. MK177537-
CfCASol2

0.02 0.01

04. MK177538-
CASol13

0.02 0.01 0.01

05. MK177532-
CfCASol27

0.01 0.00 0.01 0.01

06. MK177535-
CfCASol30

0.01 0.00 0.01 0.01 0.00

07. MK177533-
CfCASol39

0.01 0.00 0.01 0.01 0.00 0.00

08. MK177539-
CfCASol47

0.03 0.03 0.02 0.03 0.02 0.02 0.02

09. MK177534-
CfCASol49

0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.02

10. MK177531-
CfCASol51

0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.03 0.00

11. MK177536-
CfCASol111

0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.02 0.00 0.00

12. NR_044762 
A. phagocytophilum

0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.04 0.01 0.01 0.01

13. NR_118489
A. odocoilei

0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.04 0.01 0.01 0.01 0.01

A. platys: Anaplasma platys; A. phagocytophilum: Anaplasma phagocytophilum; A. odocoilei: Anaplasma odocoilei; E. chaffeensis: Ehrlichia chaffeensis; E. muris: 
Ehrlichia muris; E. canis: Ehrlichia canis; E. minasensis: Ehrlichia minasensis; E. ewingii: Ehrlichia ewingii; E. ruminantium: Ehrlichia ruminantium; W. endo-
symbiont: Wolbachia endosymbiont; R. rickettsii: Rickettsia rickettsii.

Continue >>>

340 and 347), this genetics differences could indi-
cate that the species that infect canines from Sole-
dad, could be different from those included in this 
analysis.

n DISCUSSION

Studies on tick-borne diseases (TBD) in Colombia 
have been increasing over the last decade. The 
differential diagnosis of febrile syndrome and 
asymptomatic infections in animals and humans, 
increase also the need-to-know other etiological 
agents, including TBD. In general the vector-borne 
diseases are prevalent in the north Caribbean re-
gion of the country, where Soledad is located. 
While other vector-borne diseases, such as den-
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gue, chikungunya and Zika are under surveil-
lance and commonly considered in the differen-
tial diagnosis of febrile patients in Colombia, that 
is not the case of TBD, that although are common-
ly reported in other countries, still lack on studies 
in certain countries and areas where the circula-
tion of tick-borne pathogens has been detected in 
the past [6,9,17-26]. Even more, a significant pro-
portion of patients in the region with the febrile 
syndrome are not etiologically diagnosed. Obvi-
ously, the presence of infected dogs, although 
asymptomatic, and its ticks would pose in poten-
tial risks to the people living in the areas where 
those animals are present [27]. Even, canine sero-
surveys have been used to predict the risk of hu-
man exposure and potential infection with tick-
borne pathogens [28, 29]. 

GenBank accession 
number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

14. NR_074500 
E. chaffeensis

0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.07 0.08

15. NR_037059 
E. chaffeensis

0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.07 0.08 0.00

16. EMU15527 
E. muris

0.08 0.09 0.10 0.09 0.08 0.08 0.08 0.11 0.08 0.09 0.08 0.08 0.08 0.01 0.01

17. NR_025962 
E. muris

0.08 0.09 0.10 0.09 0.08 0.08 0.08 0.11 0.08 0.09 0.08 0.08 0.08 0.01 0.01 0.00

18. EHRRRNAE 
E. canis

0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.07 0.08 0.01 0.01 0.01 0.01

19. NR_118741 
E. canis

0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.07 0.08 0.01 0.01 0.01 0.01 0.00

20. JX629805 
E. minasensis

0.08 0.09 0.10 0.09 0.08 0.08 0.08 0.11 0.08 0.09 0.08 0.08 0.08 0.01 0.01 0.01 0.01 0.00 0.00

21. NR_044747 
E. ewingii

0.08 0.08 0.09 0.09 0.08 0.08 0.08 0.11 0.08 0.08 0.08 0.07 0.08 0.01 0.01 0.01 0.01 0.01 0.01 0.01

22. NR_074155 
E. ruminantium

0.08 0.09 0.10 0.09 0.08 0.08 0.08 0.11 0.08 0.09 0.08 0.08 0.08 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.01

23. GU236946 
W. endosymbiont

0.13 0.13 0.14 0.14 0.13 0.13 0.13 0.16 0.13 0.13 0.13 0.13 0.12 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.10 0.11

24. EU981291 
W. endosymbiont

0.17 0.17 0.18 0.18 0.17 0.17 0.17 0.20 0.17 0.17 0.17 0.17 0.16 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.05

25. EF219197 
W. endosymbiont

0.13 0.14 0.15 0.15 0.13 0.13 0.13 0.16 0.13 0.14 0.13 0.13 0.13 0.11 0.11 0.12 0.12 0.11 0.11 0.12 0.11 0.12 0.01 0.04

26. DQ150694 
R. rickettsii

0.18 0.18 0.19 0.19 0.18 0.18 0.18 0.21 0.18 0.18 0.18 0.17 0.18 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.18 0.17 0.17 0.16

A. platys: Anaplasma platys; A. phagocytophilum: Anaplasma phagocytophilum; A. odocoilei: Anaplasma odocoilei; E. chaffeensis: Ehrlichia chaffeensis; E. muris: 
Ehrlichia muris; E. canis: Ehrlichia canis; E. minasensis: Ehrlichia minasensis; E. ewingii: Ehrlichia ewingii; E. ruminantium: Ehrlichia ruminantium; W. endo-
symbiont: Wolbachia endosymbiont; R. rickettsii: Rickettsia rickettsii.

Continue >>>

The present study shows the tick-borne bacteria 
(TBB) detected from dogs in urban areas of Sole-
dad. The pathogenic Anaplasma genus, albeit mo-
lecularly identified in dogs in those areas, would 
also be present in ticks and other vertebrate hosts 
(e.g., cats, horses, cattle, sheep, goats, birds) in-
cluding the potential possibility of transmission 
to humans as has been documented in other stud-
ies [30-32]. The current study found that approxi-
mately 13% of the dogs in the sampled areas were 
infected (~29% of the young dogs or puppies), 
which are regularly in close contact with human 
beings, but also representing a blood source for 
ticks. 
Dogs have been implicated as reservoirs of Ana-
plasma. A. platys and A. phagocytophilum, causing 
both symptomatic and asymptomatic infections, 
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but this obligate intragranulocytic parasite is also 
of remarkable importance in human health, caus-
ing human anaplasmosis [30-33]. A. platys is an 
obligate parasite of platelets; it was described for 
the first time in a dog from Florida, USA, and has 
been subsequently recognized in all continents, 
including cases in human beings [33,34]. There-
fore, it is likely that these animals would serve as 
a infection source for ticks and new susceptible 
animal and human hosts. 
Taking into account the findings of bacteria of the 
Anaplasma genus in the canine population from 
Soledad, Atlantico, and considering the limitation 
of the discriminatory power of the RNA 16S gene 
to identify closely related taxa, it is relevant to 
highlight that A. phagocytophilum has been report-
ed in previous studies in Colombia, including Bo-
gota, Villavicencio, and Bucaramanga, but in a 
lower proportion (1.1%) in dogs, but not in hu-
mans [12]. In 2011, in military working dogs of the 
U.S. troops deployed in Barranquilla were as-
sessed for A. phagocytophilum, finding that 40% of 
them were infected [11]. Given those results, an-
other related study from the same research group 
also assessed the prevalence of A. platys by PCR, 
finding 16.1% in non-military dogs [10]. Given the 
current results, the detected species of Anaplasma, 
probably corresponded mainly with A. phagocy-
tophilum, which is currently recognized as zoonot-
ic. This inference is supported by the finding of 
intracytoplasmic morulae observed in canine 
neutrophils infected. In addition, its cells are gen-
erally infected by A. phagocytophilum, however, 
the finding of morulae in red blood cells suggests 
that the diversity of pathogens from Anaplasma 
genus infecting dogs in Soledad, Atlantico, could 
be more diverse.
On the other hand, the finding of Anaplasma, with 
probable infections due to Ehrlichia and Babesia in 
the dogs from Soledad, could be indicative of ac-
tive transmission of tick-borne pathogens be-
tween canine population, with their potential im-
plications for Public Health. As Colombia’s most 
populous area of the Caribbean Coast region (Bar-
ranquilla-Soledad, Atlantico) and bolstering one 
of the country’s highest population densities, this 
area is at sea level with a hot, humid, year-round 
tropical climate. Tropical humid climates provide 
an adequate environment for the presence of vec-
tors such as ticks and mosquitoes [10].
If ticks are present in the area, as expected and 

reflected from the detection of tick-borne patho-
gens in dogs, there would also be a risk for those 
living in the area with their consequent implica-
tions in Public Health. Although ticks alone may 
have a short range of migration, they can be also 
transported in birds, as this has been widely re-
ported in literature, then adding other ways for 
short to long space dispersion, beyond the senti-
nel areas where they have been detected, as is the 
case of Soledad, Atlantico [35, 36]. 
In affected areas, health authorities should be in-
formed about findings as well to promote pre-
ventinve recommendations, trying to avoid tick 
bites by wearing protective clothing or using re-
pellents during a stay in a risk area. Moreover, the 
skin and head (particularly of young children) 
should be carefully checked after outdoor activi-
ties to permit an immediate removal of an at-
tached tick [6].
More studies in the area and the region, are neces-
sary, as there is a lack of reports and records, even 
in the country, about anaplasmosis in humans 
and animals [37, 38]. Then, seroprevalence and 
entomological studies should be performed in 
Barranquilla-Soledad, Atlantico, and other areas 
of the north Caribbean Colombian region. Studies 
in dogs may also serve as sentinels of active circu-
lation of tick-borne pathogens, such as Anaplasma 
spp.. Tick-borne diseases, such as anaplasmosis, 
ehrlichiosis, babesiosis, and rickettsiosis, should 
be considered in the differential diagnosis of fe-
brile patients living or visiting these areas. 
Initial screening with a blood smear would be use-
ful. The diagnostic value of the blood smear with 
Giemsa or Wright stain as a useful method in the 
initial diagnostic approach of the febrile syndrome 
in travelers from tropical areas should be empha-
sized, and in the current context would help in the 
surveys in ticks and animals [39]. Nevertheless, 
the diagnostic sensitivity of a blood smear is limit-
ed and higher for Anaplasma spp. than for Ehrlichia 
genus; blood smears might only be positive in up 
to 60% of patients with anaplasmosis [30, 31, 40, 
41]. It is hard to detect this pathogen in the early 
infection stage and carrier animals because only 
small numbers of it circulate in the bloodstream, 
then the molecular methods, as those used in the 
current study are necessary [42, 43].
As previously stated, wee need to acknowledge 
the limited discriminatory power of the RNA 16S 
gene to identify closely related taxa, then, al-
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though we sequenced the isolates, a subrecord of 
positive Anaplasma infected dogs may have oc-
curred. Also, and related, the sample of this study 
is relatively limited, with the exclusive objective 
to assess the prevalence in the evaluated dogs. 
The sampling was not age-structured representa-
tive, then this would affected the prevalence by 
ages found in the study, including older dogs. 
Then, future studies should include entomologi-
cal surveys as well as to assess the seroprevalence 
in humans in the same area, and more extensive 
dogs sampling, in order to complete more com-
prehensive studies.

n CONCLUSIONS

From the Public Health perspective, in addition to 
studies, TBD should be considered for surveil-
lance and control, including more education to 
populations in vulnerable and risky areas, such as 
Soledad, especially promoting prophylactic/con-
trol measures (acaricides) among dog owners. 
Current findings should encourage a campaign of 
TBDs monitoring and control in this area, with 
particular emphasis on the investigation in hu-
mans, animals, and vectors, to obtain a wider epi-
demiological perspective on tick-borne pathogens 
and to understand Anaplasma spp. infection dy-
namics. Our results should also reinforce the im-
portance to alert the veterinary community, which 
should be trained about TBD and its consequence 
in animals and implications for Public Health, 
dogs owners and Public Health authorities to pre-
vent the risk of transmission of tick-borne patho-
gens among dogs and humans in this region, as 
has been proposed in other countries [44]. 
Finally, the study of tick-borne diseases, such as 
anaplasmosis, would be enjoyable from the per-
spective of one health [45]. Human and veterinary 
clinicians need to be aware of the potential risks 
related to the current findings. 
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