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Babesia sp. is a protozoan hemoparasite that affects livestock worldwide. The Colom-
bian Middle Magdalena is an enzootic region for babesiosis, but there is no previous rese-
arch providing detail on its transmission cycle. This study aims to assess some Babesia sp.
infection indicators in cattle and ticks from the area, by using direct microscopic and mole-
cular techniques to detect the infection. In the cattle, 59.9% and 3.4 % positivity values for
B. bigemina and mixed infection (B. bovis + B. bigemina) were found respectively. In ticks,
the positivity of B. bigemina reached 79.2% and 9.4% for the mixed infection. The degree of
infestation in the region was 3.2 ticks per bovine. There was positive correlation between
tick control acaricide frequencies and infestation in bovines. This leads us to infer that con-
trol periodicity greater than 90 days, in stable zones, is an abiotic factor that benefits the
acquisition of protective immunity in calves, the natural control of the infection and even-
tual disease absence. It is necessary to monitor the disease by applying new entomological
and parasitological indicators showing the complexity of this phenomenon.

INDEX TERMS: Babesia sp., babesiosis, cattle, tick-borne diseases, Rhipicephalus (Boophilus) microplus.

INTRODUCTION

Bovine Babesiosis is a disease caused by intraerythrocytic
protozoal parasite of the order Piroplasmida, phylum Api-
complexa, of the genus Babesia, widely found in tropical
and subtropical areas (Alonso et al. 1992). Most cases of
the disease in bovines are caused by Babesia bigemina and
Babesia bovis. In Latin America, they are transmitted by ti-
cks of the species Rhipicephalus (Boophilus) microplus (Ra-
vindran et al. 2006). These ectoparasites infest about 80%
of bovines worldwide, causing losses close to 3,000 million
dolars per year (Melendez & Forlano 1996).
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The endemic condition of bovine babesiosis in a speci-
fic geographic region is related with presence of a vector
capable to transmit the infection, and the enzootic stability
condition depends of the interaction established between
tick, parasite and bovine. As a result, there is an ideal si-
tuation for a bovine to be infested and infected by ticks, at
such levels that lead to protective immunity in the absence
of signs and symptoms of the disease (Alonso et al. 1992,
Barreira et al. 2005). In these endemic zones, calves are ge-
nerally infected during the first months after birth, while
they possess a strong innate immunity (Barros et al. 2005).
After recovery from acute disease, young animals may de-
velop a subclinical form of the infection after suffering it
by several months, and develop a new condition of reser-
voir for the parasite vector as a consequence (Oliveira et
al. 2008). This epizootiological situation has traditionally
been studied by identifying IgG antibodies in 3 to 9-month-
-old bovines, overlooking other factors such as parasitolo-
gical infection indicators in vectors and bovines, together
with infestation degree in bovines considered important in
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the specification of an enzootically stable or unstable area.
These ignored factors could be used to understand the
behavior of bovine babesiosis because of their incidence in
the parasite’s life cycle (Melendez & Forlano 1996, Cantu
etal. 2007).

In Colombia, the presence of the vector and the parasite
in an endemic area for bovine babesiosis depend on cer-
tain geographical and environmental conditions. The area
needs to be located under 2200 meters above the sea level
(m.a.s.l.); its temperature should range from 28 to 32°C;
and it should have an 80 to 90% relative humidity (Alonso
et al. 1992). In particular, the Middle Magdalena region is
located in a tropical rainforest area; its average temperatu-
reis 27°C; and itis 125 m.a.s.l. Its ecological conditions ena-
ble the vector developmental cycle, together with the fact
that farming milk, meat and dual-purpose cattle constitu-
tes the main economic activity in the region (Gémez 2005).
Previous research on Babesia bovis and Babesia bigemina
transmission has been carried out in the region, finding en-
zootic stability levels by means of IgG antibodies evaluation
in 3 to 9-month-old calves (Rios et al. 2010). However, the
activity of other entomological and parasitological indica-
tors that would allow understanding the parasite behavior
in ticks and the influence of biotic and abiotic factors on its
life cycle is still unknown.

All things considered, this research aims to identify
some bovine babesiosis entomological and parasitological
indicators in ticks Riphicephalus microplus and 3 to 9-mon-
th-old cattle in the Middle Magdalena area in Colombia, by
means of entomological and parasitological direct micros-
copic and molecular techniques.

MATERIALS AND METHODS

Study design and area. A descriptive study with representa-
tive and non-probability sampling was carried out. The reference
population for a survey on bovine brucellosis carried out in 2006
-13,800 bovines- in 200 herds in the Middle Magdalena area, was
considered for the sample size. These resources were provided by
the administration at the Regional Cooperative Society of Livesto-
ck Farmers (COREGAN) in the Middle Magdalena Region. The ave-
rage population in 9 herds (503) was established as the universe;
the calculated sample size (n) was 218 bovines (Epi-info 2004),
based on a confidence level (z) of 95%, a sampling error (e) of 5%
and a variance (p) of 0.5.

This study was conducted in 9 herds, where cattle is farmed
for beef, milk, dual and exhibition purposes. The herds are located
in the Colombian Middle Magdalena region, in the area between
the municipalities of Puerto Berrio (Antioquia), located 7° 6° 29’
35”N and 75° 74° 24’ 26”"W, with an area of 1.184 Km?, and Cimi-
tarra (Santander), located 06° 19’ 00” N and 73° 57’ 00” W, in an
area of 3.165,60 Km?2 Both municipalities have an average annual
rainfall of 2,500 to 3,000 mm?® (Gémez 2005). The herds selected
for this study are identified like CB, EA, SL, SA, CN, LC, LL, B and
LA (Fig.1).

Clinical epizootiological survey. An epizootiological sur-
vey was carried out with the purpose of evaluating the signs and
symptoms of the infection, parasite burden and epidemiologic
factors related with the presence of the disease in the area, name-
ly, age of animals, sex, farming system, acaricides used, and its fre-
quency. This survey was validated in a previous study on enzootic
stability conducted in the region (Rios et al. 2010).
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Fig.1. Distribution of herds location in the middle Magdalena area,
Colombia.

Cattle blood samples collection and procedures. The sam-
ples for this study were extracted from 237 calves, aged between
3 and 9 months old and born in each farm. A sample of 5 ml of
blood was taken from each calf’s jugular vein after demobilizing
the animal. The samples were collected in Vacuette® tubes, into
EDTA anticoagulant. In addition, DNA extraction was carried out
through salting out procedures, on 200ul of blood in anticoagu-
lant EDTA, contained in 1.5 ml tubes. The extracted product was
resuspended in 1X TE buffer and stored at -20°C until used (Villa-
fafie et al. 2009).

Tick samples collection and procedures, Female engorged
R. microplus ticks larger than or equal to 4.5mm were collected
from the sagittal plane of each animal, according to the techni-
que proposed by Alvarez et al. (2003). After collection, the ticks
were incubated for 7 days at room temperature to enable the
completion of the parasite cycle into the vector. This procedure
was performed in wide-mouthed plastic containers, with wet gau-
ze at bottom to guarantee 80% to 90% humidity, and that were
properly labeled with the code on each calf (Morzaria et al 1992;
Guglielmone et al 1996). Each tick was stored at -20°C for DNA
extraction. Four ticks per sampled animal were used for DNA
extraction, according to the protocol optimized by Rosero et al.
(2010). However, the protocol was modified by sectioning each
tick in small pieces with a sterile scalpel blade, before proceeding
to mechanical maceration, in order to optimize the DNA extrac-
tion process. The DNA obtained was resuspended in 1X TE buffer
and stored at -20°C for its amplification using PCR.

Babesia bovis and Babesia bigemina molecular identifi-
cation in cattle and ticks. The subunit 18S rRNA gene partial
sequence of Babesia bovis and Babesia bigemina (275 bp y 175
bp, respectively) were amplified by polymerase chain reaction
(multiplex PCR). The primers used for B. bovis and B. bigemina
18S rRNA amplification were the ones described by Adham et
al. (2009). Sterile ultrapure water (Mili-Q®) and DNA extracted
from B. bovis Ba48Aus and B. bigemina Bb35Th strains, provi-
ded by the Germplasm Bank of the Colombian Corporation of
Farming Research (CORPOICA), were used as negative and po-
sitive control, respectively, for each PCR reaction performed in
this study.
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The conditions for PCR tests were optimized based on the
protocol reported by Adham et al. (2009). Each PCR reaction was
perfomed in 25pl containing 1X buffer, 4mM MgCl, 1uM of each
primer, 0.65 U of Taq DNA polymerase (Bioline, MA, USA), 0.4mM
of ANTPs and 60ng of genomic DNA extracted from bovines or ti-
cks’ blood samples. The cycling conditions were: 10 min denatu-
ration at 93°C, followed by 35 cycles of 30s denaturation at 93°C,
30s annealing at 49°C, and 30s extension at 72°C, ending with a
final extension at 72°C for 10 min.

The amplification was confirmed by analyzing 5pl of each PCR
product through an electrophoresis on 1% agarose gel stained
with EZvision™ Dye (AMRESCO Inc. Cochran Road Solon, USA),
as intercalating agent and visualized with Gel-Doc 2000 System
(BIO-RAD, Hércules, CA.). Some amplification products, after se-
lected randomly, were purified and bidirectional sequenced. The
DNA sequences were edited, assembled and aligned using Ge-
neious Pro 5.4.4 (Zupanska et al. 2009). A BLASTn (NCBI, Gen-
Bank) analysis was performed by following the same program
and using the sequences obtained and reported by diverse studies
all over the world, and provided by the GenBank for B. bovis and B.
bigemina strains (Rios & Rios 2011).

Parasitological indexes. In order to determine the infection
in bovines, the results were reported in positivity terms and es-
tablished the percentage of positive bovines by calculating the
amount of Babesia sp. positive bovines over the total of bovines,
multiplied by 100. In order to determine the infection by Babesia
sp. in ticks, the results were reported in terms of positivity by cal-
culating the amount of Babesia sp. positive ticks over the total of
ticks, multiplied by 100.

Entomological indicators. For evaluation of the entomologi-
cal indicators, each bovine was searched from head to tail on their
right sagittal plane. Sampled ticks were counted in the laboratory
in order to establish ticks total, and according to this information,
the herd infestation degree was established by means of the for-
mula in Burgdogfer et al. (1970), considering the total number of
ticks over the total number of bovines. In addition, Parasite bur-
den per bovine was calculated considering the total number of
ticks extracted from the sagittal plane of the animal X 2 (Alvarez
etal. 2003).

Statistical analysis. The central tendency, position, and dis-
persion measures were determined for the quantitative variables.
The association analysis was carried out through the estimation
of Spearman-Rho correlation, according to the quantitative varia-
bles data distribution based on Shapiro-Wilk test, with a statisti-
cal significance level of p <0.05. Also Chi?tests and simple linear
regressions were performed. Every statistical analysis was car-
ried out by SPSS program, version 19, for Windows XP.
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Ethical aspects. The Ethics Committee for Animal Experi-
ments from the University of Antioquia granted an approval ac-
cording to Act N°42 issued on June 10%, 2008. The study included
an informed consent form to be completed by the animal owners,
that contained information related to research procedures and
responsibilities. The Bioethics Committee assessed all ethical
aspects in the project based on the Resolution 008430 issued in
1993 from the Ministry of Social Protection of Colombia, Title
V - Animal Biomedical Research, and Law 84 issued in 1989, by
which the National Statute for Animal Protection was adopted, as
contraventions and regulations regarding procedures and compe-
tency were defined.

RESULTS

The research population consisted of 237 calves, aged from
3 to 9 months old, belonging to 9 herds in the area (Table
1). Most of the cattle were dual purpose, at a 76.4%, follo-
wed by milk cattle at a 19.8%, and exhibition cattle at a
3.8%. None of the animals showed signs or symptoms for
Babesiosis after medical - veterinary assessment.

The calves were distributed in three groups according
to age range. Group 1 included 3 to 5-month-old calves,
group 2, 6 to 7-month-olds and group 3, 8 to 9-month-olds.
The percentage of calves for each one of these groups was
38.82% (92/237) in group 1, 37.97% (90/237) in group 2,
and 23.21% (55/237) in group 3, from the bovines total.
The mean age per heard and its standard deviation was cal-
culated as shown in Table 1.

Infection and infestation in cattle

The infection in cattle was assessed by molecular tech-
niques. PCR-amplified Babesia bovis and Babesia bigemina
18S rRNA gene partial sequence showed 63.3% (150/237)
positivity, in contrast to 59.9% (142/237) of the samples
infected with B. bigemina, and a 3.4% (8/237) with mixed
infection (B. bigemina y B. bovis); positivity for B. bovis as
only agent was not found and a 36.7% (87/237) negativity
was detected (Table 1). The herd with highest percentage
of infection was SA with 14.8% of the total of infected bovi-
nes. B. bigemina was the predominant parasite in all herds.
The herd with lower percentage of infection was CB with
0.4% of the infection total. The herds with lower percen-
tages of mixed infection were SL (2.1%), LL (0.8%) and EA
(0.4%) (Table 1). The percentage of Babesia sp. infection

Table 1. Sampled bovine population distribution by age, distribution of ticks percentage and frequency of
Babesia sp. infection in bovines and ticks per herd

Herd Bovines: absolute Bovines:  Babesia bigemina Mixed infection  Ticks: absolute Babesia bigemina Mixed infection
frequency Mean age in infection in bovines frequency infection in ticks
(relative frequency) months (SD) in bovines (%) (%) (relative frequency) in ticks (%) (%)
SA 49 (20.7) 6.94+/-1.197 14.8(35/237) 0 32 (4.2) 6.6 4.7
SL 20 (8.4) 6.20+/-1.735 3.8 (9/237) 2.1 (5/237) 48 (6.2) 8.5 0
CN 128 (5.1) 450+/-1.168 3.8 (9/237) 0 0(0) - -
CB 8 (3.4) 7.50+/-2.268 0.4 (1/237) 0 10 (1.3) 2.9 2.9
LA 31(13.1) 5.00+/-1.612 11 (26/237) 0 66 (8.6) 2.8 1.9
EA 53 (22.4) 5.21+/-1.261 12.2(29/237) 0.4 (1/237) 420 (54.5) 30.2 0
LL 18 (7.6) 7.44+/-1.653 3.4 (8/237) 0.8 (2/237) 50 (6.5) 11.3 0
LC 24 (10.1) 5.29+/-1.301 4.2 (10/237) 0 86 (11.2) 7.5 1.9
B 22 (9.3) 7.36+/-2.060 6.3 (15/237) 0 58 (7.5) 9.4 0.0
Total 237 (100) 770 (100)

SD = Standard deviation.
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in bovines per age was 22.3% in cattle with 3 to 5 months,
24.5% in cattle with 6 to 7 months and 16.5% in cattle with
8 to 9 months. The distribution of infection per age groups
was mostly caused by B. bigemina, being predominant in
the first two groups. The mixed infection was found on low
proportion in the three age groups (Fig.2). After a simple
linear regression analysis, it was found that there is no sta-
tistic relation between the percentage of positive cattle and
age of the animals (p=0.261).

The degree of total infestation in the study area was 3.2
ticks per bovine. The degree of infestation per herd was
also calculated, and according to this, the herd with higher
infestation levels was EA with 7.9 ticks per bovine. The herd
with lower degree of infestation was CN, which showed
negative results (Table 1). Regarding degree of infestation
per age, group 2 presented the highest percentage of ticks,
corresponding to 54% (416/770) of the total of ticks in the
area. The degree of infestation in this group was 4 ticks per
bovine. The calves in group 3 presented the lower degree
of infestation with 1.7 ticks per bovine (Fig.3). There was
no correlation between degree of infestation and age group
(Rho: 0.221 y p=0.001). The herd that presented higher de-
gree of infestation for 3 to 5-month-olds was LC, followed
by LL y B. EA presented the highest degree of infestation
in group 2. In turn, B presented the highest degree of in-
festation in group 3. CB only showed infestation in group
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Fig.2. Distribution of Babesia sp. infection in cattle per age group
in each herd.
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Fig.3. The degree of infestation per age group in each herd.
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3 calves, whereas EA did not present infestation in this age
group (Fig.3). After performing a simple linear regression
analysis, no statistical relation between the percentage of
positive ticks and age of animals was found (p=0.711).

The total of ticks in each herd changed according to the
type of cattle. 598 ticks representing 78% of the total were
found in double purpose herds. In milk cattle herds, 106
ticks (14%) were found. As these variables were analyzed,
statistically significant differences were found between
parasite burden and cattle type (p=0.04). However, these
numbers may vary as the year passes, which may be mo-
tivated not only on climatic factors, but also on subjective
decisions taken by livestock farmers, regarding acaricides,
based on infestation; such aspect avoids permanent expo-
sure to ticks in the area. Likewise, factors such as the gathe-
ring of animals in wet areas inside the farm, where vege-
tation and microclimate are better and the possibilities of
tick survival are higher, do not allow elimination by means
of control strategies. On the contrary, some of them, such as
excessive use of acaricides, instead of favoring animal heal-
th, affect their immunity.

Infection in the vector

The tick sample was composed by a total of 770 sub-
jects that met the inclusion criteria. The percentage of ticks
per herd, established as parasite burden, over the total of
bovines in each herd, is shown on Table 1. As a result of
evaluation, Babesia sp. infection were found in 88.6% po-
sitivity by means of DNA amplification, from which 79.2%
corresponded to B. bigemina, 9.4% to mixed infection (B.
bigemina, B. bovis) and there was 11.4% negativity. The
herd with higher percentage of positive ticks was EA with
30.2%, followed by LL and SA with 11.3%. Mixed infection
was found in 4 herds, from which SA had the highest pro-
portion with 4.7% of the infected ticks. B. bigemina was the
predominant parasite in every herd (Table 1).

The percentage of positivity per age group in each herd
was calculated as the amount of positive ticks R. microplus
collected, over the total amount of ticks collected. The age
group that presented higher infection levels in its vectors
was 6 to 7 months with a 40% of the total of collected ticks,
followed by group 1 with 31.8%. In the three age groups
vectors, infection by B. bigemina was predominant; howe-
ver, there was no statistical relation between the infection
found in collected ticks and the age of bovines.

Tick control acaricide

In the herds observed, different chemical products
such as tick control acaricides are employed to control
the ectoparasites, by implementing diverse methods, con-
centrations, and frequencies of application. There are no
standardized application protocols regarding doses and
concentration in any herd, and that is why correlation be-
tween the degree of infestation and the tick control acarici-
de product used was not found (Rho: 0.0). The frequency of
acaricide application varies from the moment the calf is 15
days to 2 years of age. A positive correlation between the
frequency of the tick control acaricide and the infestation
degree was found (Rho: 0.168 y p=0.010).
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Analysis of partial sequences obtained from 18S rRNA
gene

The BLASTn analysis of the partial nucleotidic sequen-
ces obtained from 18S rRNA gene for B. bigemina ampli-
fied strains, extracted from one tick and one cattle sam-
pled from the herds, showed a 96% identity with different
species from the gender Babesia reported in the GenBank
(NCBI). However, when BLASTn analysis was made, speci-
fying that B. bigemina was the microorganism from which
DNA were extracted, an 85.4% identity with B. bigemina
strains reported throughout the world was found for both
sequences - the ones coming from the vector and the bovi-
ne - in database GenBank, and an 86.9% identity with a B.
bigemina strain (AY699276) (Buling et al. 2007) for both
sequences. However, the quality of the sequences, obtained
as a result of direct sequentiation of the PCR amplification
products, was not assertive in some nucleotidic sites, pro-
bably because of it being an amplified product of a multico-
py gene (Cowman et al. 1984, Adham et al. 2009).

DISCUSSION

The cattle areas that presented enzootic stability for bovi-
ne babesiosis are characterized by the permanent presence
of ticks during the whole year, with little fluctuation that
depends on climatic and ecological conditions, as well as
on vector control (Alonso et al. 1992). These areas have
been immunologically classified through a seroreactivity
indicator by specific IgG antibodies against the parasite;
values equal or higher than 75% in 3 to 9-month-old ani-
mals determine the enzootic level in the region; however, it
is necessary to consider the diverse factors involved in an
enzootically stable area for bovine babesiosis, such as the
parasite, the host and the vector (Oliveira et al. 2008).

The Middle Magdalena region is considered enzootically
stable for bovine babesiosis, since the parasite presence in
the area has been previously demonstrated based on sero-
logical techniques (Rios et al. 2010). There is even previous
research that reports the transmission to humans, showing
the zoonotic potential of the bovine babesiosis in this re-
gion (Rios et al. 2003). Generally, calves in the area are in-
fected with B. bigemina and B. bovis during their first mon-
ths, which explains the importance of the passive immunity
transferred in the colostrum and that is considered active
until the animal is 9 months old; all of this, together with
natural exposure to sufficient levels of infected ticks ena-
bles development of efficient protective immunity against
these parasites (Rios et al. 2010; Oliveira et al. 2008).

The bovines selected for the area were left to graze sin-
ce their first week, which means higher exposure to ticks
and thus, higher probability of infection (Quintao-Silva and
Ribeiro 2003). The infection in animals was diagnosed by
molecular techniques; through multiplex PCR DNA ampli-
fication, a 63.3% positivity was established (150/237),
determining a 59.9% (142/237) of infection by B. bigemi-
na and a 3.4% (8/237) of mixed infection (B. bigemina, B.
bovis). These results are similar to the ones described by
Costa-Junior et al (2006).

The evaluation of infestation entomological indicators
in bovines is related to another important factor in the epi-

zootiology of the disease. This parameter was evaluated
in the herds selected for the study and there was no cor-
relation between the degree of infestation and the age of
bovines, in spite of the 6 to 7-month-old calves presenting
a higher degree of infestation (4.7 ticks per bovine). These
data are opposite to the ones described by Oliveira et al.
(2005), where it was found that younger animals presented
an infestation significantly lower to the presented in older
bovines. All these findings indicate that younger bovines
are more resistant to infestation, since they are exposed for
a shorter time to the vectors.

Previous research suggests that the type of cattle is
associated to the degree of infestation by ticks in bovines,
by the condition of use of acaricides, together with the cli-
matic conditions, that are not the same for all cattle types.
For instance, in milk cattle, the excessive use of acaricides
is related to babesiosis outbreaks (Quintao-Silva & Ribeiro
2003). In the research area, there was correlation between
the degree of infestation and cattle type (dual purpose and
milk). A higher degree in dual purpose bovines (p=0.04) is
related with the distribution of the sampled cattle, since
proportions were not paired and 78% of bovines selected
make part of this type. The adoption of control strategies
for ticks R. microplus, associated to chemical management
methods have contributed to the establishment of enzoo-
tically unstable areas with low level in the antibody titers,
showing an alteration in the development of protective
immunity, which leads to an increase in the emergence of
clinical cases of babesiosis (Quintdo-Silva & Ribeiro 2003,
Brown et al. 2006).

Rios et al. (2010) found a seroreactivity for B. bovis hi-
gher to 75% (enzootically stable) in 3 to 9-month-old bovi-
nes that received tick control treatment at a frequency over
90 days, which is related with the conclusions of this stu-
dy, since a positive correlation between higher tick control
acaricide frequencies and the parasite burden was establi-
shed (Rho: 0.168 and p=0.010). This situation reinforces
the constant antigenic challenge for the bovine, due to the
permanent presence of ticks that enable the transmission
of the parasite to the babesiosis intermediary host.

All things considered, it can be inferred that a periodici-
ty over 90 days for the tick control treatments, in enzootic
areas for bovine babesiosis, constitutes an abiotic factor
that enables the acquisition of protective immunity in bo-
vines since early age, acting beneficially over the natural
control of the infection and hence, the eventual absence of
the disease signs and symptoms (Rios et al. 2010). Conse-
quently, there is a link between low frequency in tick con-
trol treatment and high levels of tick infestation in bovines
and the development of enzootic stability in the area (Smi-
th etal. 2000, Guerrero et al. 2007).

On the other hand, the absence of infestation in CN herd
may be a risk factor for the outbreak of babesiosis. Since
tick natural expression is avoided, calves are not exposed to
tick inoculation, in this way reducing the antigenic challen-
ge that stimulates the production of protective immunity
to prevent the infection (Brown 2001, Brown, et al. 2006).

There are factors that may influence on the develop-
ment and transmission of hemoparasites by their vector,
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among which we find: age of ticks and parasitemia stage in
the host, since the tick needs to stay 24 hours on the animal
during its highest parasitemia, in order to acquire the infec-
tion from the cattle (Oliveira-Sequeira et al. 2005). The per-
centage of positive ticks obtained in this study, was 86.8%
of the total 770 collected ticks in the area.

B. bigemina was the predominant parasite in all herds,
with 72.9% of the infection total. The age group that pre-
sented higher degree of infection in their vectors was group
2 with 40% of collected ticks, followed by group 1 with a
31.8%. There was no statistical relation between the infec-
tion in the collected ticks in the different age groups and
the age of the bovines; however, both the infection by Ba-
besia sp. and the infestation by R. microplus predominates
in 6 to 7-month-old calves, in agreement with information
reported by Rios et al. (2010).

Traditionally, the infection in bovines and ticks has been
evaluated by means of direct microscopic techniques. Ho-
wever, and according to Quintao-Silva et al. (2007), the per-
centage of Babesia sp. infection in 3 to 9-month-old bovines
through direct evaluation of blood by multiplex PCR DNA
amplification, presented statistically significant differences
between other techniques, increasing significantly the po-
sitive results through DNA amplification, which also allo-
wed the identification of the circulating parasite species.
Considering the specific result of the BLASTn analysis on
the partial nucleotide sequences from the 18S rRNA gene
obtained in this study for Babesia spp, this suggests that
multiplex PCR technique can be used successfully for the
analysis of babesiosis in endemic tropical areas in Colom-
bia, both in intermediate and definitive hosts.

In every herd and each group, the subjects presented a
higher positivity percentage and there was evidence that
none of the animals was only infected by B. bovis; the ani-
mals carrying this parasite had a concomitant infection by
B. bigemina, in accordance to reports by Oliveira-Sequei-
ra et al. (2005), Adham et al. (2009), Costa-Junior et al.
(2006). These researchers found out that mixed infections
are presented in lower proportions than infections caused
by individual species, both in bovines and ticks. A similar
situation was evident through the infection behavior in ti-
cks where the vectors in every herd and every age group
showed a higher positivity percentage through multiplex
PCR.

The findings regarding the negativity for B. bovis in
comparison with the high positivity for B. bigemina in
the sampled animals may be parallel to those reported by
Mtshali & Mtshali (2013). The ability of B. bigemina to re-
main through generations of ticks in absence of reinfection,
which is not a characteristic of B. bovis, may be the cause for
such results. In addition, the high degree of pathogenicity
for B. bovis facilitates its identification and elimination by
the immune system, which leads to low parasitemia.

All things considered, it would be required to increase
the level of infestation by ticks in order to ensure the pre-
servation of infection by B. Bovis and thus the generation
of enzootic stability for this parasite in the herds. However,
modifying the frequencies of tick control acaricide applica-
tion to obtain a high degree of infestation and consequen-
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tly, guarantee high parasitemias for B. bovis, could affect the
enzootic stability for B. bigemina.

These results also show the need of other epizootiolo-
gic research in other livestock farming regions, in order to
determine the levels of enzootic stability. It may be possible
by evaluating the entomological and parasitological indica-
tors established in this study, whose instability inflicts on
the clinical manifestation of bovine babesiosis (Rios et al.
2010).
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