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a  b  s  t  r  a  c  t

The  levels  of  infection  by  Babesia  bovis  and  Babesia  bigemina  were  estimated  by  absolute  quantification
through  the quantitative  PCR technique  (qPCR).  Fifty-one  contemporaneous  Angus  cattle  were evaluated
on  two  occasions.  The  number  of  standard  female  Rhipicephalus  microplus  ticks present  on  the  left  side
of  the  body  was  counted  and  blood  samples  were  drawn  from  the tail  vein  into  tubes  containing  the
anticoagulant  EDTA.  The  blood  samples  were  submitted  to DNA extraction  and  used  to  quantify  the
number  of copies  (NC) of  DNA  from  B. bovis  and  B. bigemina  by  qPCR.  The  data  on  tick  count  and  number
of  DNA  copies  were  transformed  for normalization  and  analyzed  by a mixed  model  method.  A multivariate
model  with  repeated  measures  of  the  same  animal,  including  the effects  of collection,  parasite  species
and  their  interaction,  was  used.  The  repeatability  values  were  obtained  from  the  matrix  of  (co)variances
and  were  expressed  for each  species.  The  correlations  between  the  counts  of  different  species  on  the
same  animal,  in  the  same  collection  or different  collections,  were  also  estimated.  The  results  showed  the
qPCR could  distinguish  the two  between  infection  by  the two Babesia  species.  Infection  levels by  B. bovis
and  B.  bigemina  were  detected  in 100%  and  98%  of  the  animals,  respectively.  Significant  differences  were
found  (P  <  0.05)  between  the NC of  the two  Babesia  species,  B. bovis  1.49  ± 0.07  vs. B. bigemina  0.82  ± 0.06.
Low  repeatabilities  were  found  for the  counts  of R.  microplus  and  NC  of B.  bovis  and  B.  bigemina:  0.05,  0.10
and  0.02,  respectively.  The correlations  between  R.  microplus  count  and NC  of B.  bovis  and  B.  bigemina
were  both  very  near  zero.  However,  an association  was  observed  between  the  NC  of the  two  species,
with  a correlation  coefficient  of  0.30 for measures  from  the  same  collection.  The  absence  of  associations

between  the  quantity  of DNA  from  B.  bovis  and  B.  bigemina  and  the  tick  counts  suggests  that  the variation
of  parasitemia  by the  hemoparasites  did not  depend  on  the  tick infestation  levels  at the  moment  of each
collection.  The  repeatability  values  estimated  indicate  that  under  the  study  conditions,  the  variations  in
the tick  infestation  levels  and  of  parasitemia  by  B. bovis  and  B. bigemina  depend  more  on factors  related
to  each  collection  than  on intrinsic  factors  of the  animal.

© 2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Babesiosis causes morbidity and mortality in cattle herds

hroughout the world (McCosker, 1981), although it occurs
ith greater frequency in tropical and temperate regions

Figueroa et al., 1998). In Brazil, Babesia bovis and Babesia bigemina

∗ Corresponding author at: Embrapa Pecuária Sudeste, Rodovia Washington Luiz,
m  234, CP 339, 13560-970 São Carlos, São Paulo, Brazil.

E-mail address: gigliotirodrigo@gmail.com (R. Giglioti).

ttp://dx.doi.org/10.1016/j.ttbdis.2016.02.011
877-959X/© 2016 Elsevier GmbH. All rights reserved.
are the agents that cause bovine babesiosis, and the cattle tick Rhipi-
cephalus microplus is considered to be the only vector (Guglielmone,
1995). Both young and adult animals are susceptible to the disease
when exposed for the first time to ticks. However, young ani-
mals have stronger innate resistance. This phenomenon, unusual
in the case of infectious diseases, is known as “inverse age
resistance”. Therefore, the symptoms of the disease can be atten-

uated if the first infection occurs when the animals are very
young. After recovery, low parasitemia levels persist for long
periods without causing apparent harm to the animals (Zintl et al.,
2005).

dx.doi.org/10.1016/j.ttbdis.2016.02.011
http://www.sciencedirect.com/science/journal/1877959X
http://www.elsevier.com/locate/ttbdis
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ttbdis.2016.02.011&domain=pdf
mailto:gigliotirodrigo@gmail.com
dx.doi.org/10.1016/j.ttbdis.2016.02.011
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In regions where the vector R. microplus is present through-
ut the year, animals are typically infected while young, after
hich constant reinfection maintains parasitemia at subclinical

evels, guaranteeing lifetime immunity (Mahoney and Ross, 1972).
his situation, called endemic stability, occurs virtually through-
ut Brazil. Nevertheless, clinical cases can appear in calves with
ges between 30 and 120 days, a period that coincides with a sig-
ificant fall in the levels of colostral antibodies (Madruga et al.,
984), although humoral immunity appears to be independent of
he resistance level of calves (Guglielmone et al., 1997). Farms
ocated in regions of endemic stability with inadequate tick control
re also subject to babesiosis outbreaks (Sserugga et al., 2003).

Several studies have shown that genetic factors are associated
ith resistance to tick infestations and babesiosis, with Bos tau-

us indicus animals being more resistant compared to B. t. taurus
Guglielmone, 1995; Bock et al., 1997; Jonsson et al., 2008; Piper
t al., 2010; Bilhassi et al., 2014). This finding led Brazilian stock-
reeders mainly to use zebu animals, so that at present about 80% of
he nation’s herd is composed of this breed and its crosses (Tizioto
t al., 2012).

Techniques based on PCR are increasingly used to diagnose dis-
ases, principally because of their high sensitivity and specificity
Figueroa et al., 1992; Smeenk et al., 2000; Oliveira et al., 2005;
liveira-Sequeira et al., 2005; Guerrero et al., 2007; Buling
t al., 2007). However, conventional PCR tests only allow qualita-
ive detection of infection. In contrast, the quantitative real-time
CR technique (qPCR) overcomes these limits, and besides offering

 simpler and more efficient diagnostic option, enables quantify-
ng the number of copies of Babesia DNA fragments in samples
xtracted from cattle blood. Using this technique, Bilhassi et al.
2014) found significant differences in the levels of infection by
. bovis in animals of different ages and genetic groups (B. t. tau-
us and B. t. indicus). To our knowledge, no similar studies have
een reported in the literature carried out with animals of a specific
reed, living under conditions of endemic stability for babesiosis.
here also is no information that permits verifying whether the
nfection level can be attributed to intrinsic animal factors (genetic
nd non-genetic) and the influence of the level of infestation by
. microplus on the levels of infection by Babesia species. Thus,
he aims of this experiment were: (i) to find indicators of resis-
ance/susceptibility to babesiosis by applying qPCR to quantify the
NA from B. bovis and B. bigemina in blood samples of Angus cattle;

ii) to estimate the repeatability of these measurements; and (iii)
o investigate the occurrence of associations of the levels of infec-
ion by the two Babesia species, between each other and with the
. microplus counts.

. Materials and methods

.1. Animals and sample collection

We  used 51 Angus males, with age about 24 months, from a
erd kept in the municipality of José Bonifácio, São Paulo state,
razil (21◦03′10′′ S and 49◦41′18′′ W),  where infestations by the tick
. microplus occur throughout the year. The animals were eval-
ated on two occasions, in May  2012 (autumn) and July 2012
winter), during which the numbers of R. microplus ticks longer
han 4.5 mm were counted on the left side of each animal (Utech
t al., 1978; Hermans et al., 1994). At the same time, blood sam-
les for DNA extraction were obtained from the tail vein using
acuteiners® (Becton Dickinson) containing the anticoagulant

DTA.

The animals of the herd studied were submitted to strategic
reatments with a commercial acaricide based on pyrethroids
nd organophosphates (Colosso®, Ourofino Saúde Animal).
e Diseases 7 (2016) 657–662

The treatments were suspended in the 30 days before the tick
counts and blood sample collections.

This experiment is in agreement with ethical principles of
animal experimentation of Embrapa Southeast Livestock ethics
committee for animal experiments (CEUA-EMBRAPA).

2.2. DNA extraction

The genomic DNA for quantification of DNA from B. bovis and B.
bigemina was  extracted from 300 �L of each blood sample, using
the illustra blood genomicPrep Mini Spin® kit (GE Healthcare), fol-
lowing the vendor’s recommendations, according to the protocol
for extraction of genomic DNA from between 50 and 300 �L of
blood.

2.3. qPCR reactions

The quantitative polymerase chain reactions were carried out
with a CFXTM Real-Time PCR Detection System from BioRad, with
the primers cbosg 1 (forward) 5′-TGTTCCTGGAAGCGTTGATTC-
3′ and cbosg 2 (reverse) 5′-AGCGTGAAAATAACGCATTGC-3′ and
cbisg 1 (forward) 5′-TGTTCCAGGAGATGTTGATTC-3′ and cbisg 2
(reverse) 5′-AGCATGGAAATAACGAAGTGC-3′ (Buling et al., 2007),
which flank the gene fragment of cytochrome B of B. bovis and B.
bigemina, respectively. Each produces amplicons with 88 base pairs
(Buling et al., 2007; Salem et al., 1999). Genomic DNA extracted
from isolates of B. bovis and B. bigemina (kindly provided by Pro-
fessor Rosângela Zacarias Machado of Unesp de Jaboticabal, São
Paulo) were used to construct the calibration curve and as positive
control.

The qPCR was  conducted in a volume of 12 �L, with 5 �L of
SsoFastTM EvaGreen® Supermix (BioRad), 0.22 �M of each primer
(cbosg 1 and 2; cbisg 1 and 2), 4.4 �L of ultrapure water (Invi-
trogen, USA) and 2.0 �L of DNA sample (genomic DNA extracted
from 300 �L of blood). The thermocycle conditions were one step
of 2 min  at 95 ◦C, followed by 45 cycles at 95 ◦C for 5 s and 57 ◦C
(annealing/extension) for 30 s. To prevent contamination, pipettes
with barrier tips were used. The samples were analyzed in dupli-
cate, as were the positive and negative controls (for the negative
control, 2 �L of water was added in the reaction instead of the DNA
solution).

To assess the specificity of the primers for detection of B. bovis
and B. bigemina in the qPCR, a test with two  reactions was  used.
The first reaction employed the primers cbosg 1 and 2 (B. bovis)
in samples from animals and isolates of B. bovis and B. bigemina.
The second reaction contained the same samples and B. bovis and
B. bigemina isolates, but the primers were cbisg 1 and 2 (B. bigem-
ina). The specificity was  determined based on the results of the
amplification and the melting curve values.

2.4. Construction of calibration curve and quantification of the
number of copies

To construct the calibration curve, DNA samples from the iso-
lates of the two species were amplified using the specific primers
for B. bovis and B. bigemina (cbosg and cbisg). The PCR products were
purified using the PureLinkTM PCR Purification Kit (InvitrogenTM),
cloned using the pGEM®-T Easy Vector System (Promega, Madi-
son, USA), and then the recombinant clones were transformed in
Escherichia coli DH5� cells. The white colonies were selected, ampli-
fied to confirm the vector insert and then grown in SOB medium at
37 ± 1 ◦C overnight under shaking. The DNA was extracted using

the PureLink® Quick Plasmid Miniprep Kit (InvitrogenTM) and
sequenced with an Applied Biosystems ABI Prism 3130 Avant®

genetic analyzer and submitted to BLAST analysis to confirm the
sequences obtained (Altschul et al., 1990).
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To estimate the number of DNA copies (NC), calibration curves
ere standardized from the cloned products from the B. bovis and B.

igemina isolates. The cloned products were quantified in a Nano-
rop ND-1000 spectrophotometer. Based on the known value, each
roduct was diluted in series (10−10 to 10−1) and the quantifica-
ion ranges were determined for each species. The dilutions based
n the calibration curve of each cloned isolate were submitted to
he qPCR tests together with the samples and controls to estimate
he NC of DNA from B. bovis e and B. bigemina. The reaction effi-
iency (E) (Pfaffl, 2001; Vandesompele et al., 2002), expressed as a
ercentage, was determined by the following formula:

E = (10(−1/Slope) − 1 × 100)

here Slope = slope of the derivative (tangent line) of the calibration
urve.

The NC of molecules from the target DNA at each dilution
as calculated by the formula described by Ke et al. (2006):
C (�L) = [(6.022 × 1023 (copies/mol) × concentration (g/mol))/
olecular mass (g/�L)], where 6.022 × 1023 is Avogadro’s num-

er and the molecular mass is the average molecular weight of the
olecule from the double strand nucleotide (330 × 2) multiplied

y the size of the cloned fragment.
The NC value found in the dilutions from the calibration curves

ere used to establish a regression equation allowing estimation
f the NC values for the DNA from B. bovis and B. bigemina for each
ample. These analyses were performed by the software that comes
ith the BioRad CFX96 system. The samples that presented a devi-

tion greater than 0.5 of the quantitative cycle (Cq) in relation to
he duplicate were analyze again.

.5. Statistical analysis

The data from the R. microplus counts and NC were transformed
nto log 10 (n + 1) for the purpose of approximating the normal
istribution. After transformation, the data were analyzed using
he mixed models method. A multivariate model with repeated

easures from the same animal, including the effect of collection,
arasite species and their interaction, with fixed effects was used to
nalyze the R. microplus counts and NC values for the two species.
he structure of the (co)variance matrix (symmetric) was  specified
ccording to the following model:

�2
I �II12 �IO11 �IO12 �IT11 �IT12

�II12 �2
I �IO12 �IO11 �IT12 �IT11

�IO11 �IO12 �2
O �OO12 �OT11 �OT12

�IO12 �IO11 �OO12 �2
O �OT12 �OT11

�IT11 �IT12 �OT11 �OT12 �2
T �TT12

�IT12 �IT11 �OT12 �OT11 �TT12 �2
T

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

here �2
K , variance component of the counts in each collection of

pecies K(K = I, O, T; with species I = B. bigemina, O = B. bovis and T = R.
icroplus); and �KLij

, covariance component between the count
rom species K in collection i(i = 1, 2) and the count from species
(L = I, O, T) in collection j(j = 1, 2).
The repeatability levels were obtained from the (co)variance
atrix, expressed for each species as the correlation between the
easures taken from the same individual in the two collections.

ikewise, correlations were estimated between the counts from
ifferent species taken from the same animal, in the same or differ-
nt collections. The MIXED routine from the SAS statistical package
as employed for the analyses, and the option LIN(q) from the
e Diseases 7 (2016) 657–662 659

command line REPEATED was used to specify the (co)variance
matrix.

3. Results

3.1. Specificity and sensitivity of the qPCR assays

The results of specificity assay indicated that the primers were
specific each to B. bovis and B. bigemina. It can be seen in Fig. 1a
that when the primers cbosg 1 and 2 were used in the reaction,
they only amplified reaction products that contained isolates of B.
bovis, not those containing isolates of B. bigemina. The inverse was
found when using primers cbisg 1 and 2. The tests on the samples
(Fig. 1b) enabled distinguishing the two  Babesia species. The melt-
ing curve determined for B. bovis showed a temperature of 77.5 ◦C
while for B. bigemina it was  76.0 ◦C. The DNA sequences obtained
for each of the species were identical to each other and the same as
the following cytochrome b sequences deposited in the GenBank:
AB499088.1, GQ214235.1, FJ426365.1, FJ426366.1 and FJ426367.1
for B. bovis and LK054939.1, AB499085.1, GQ214234.1, FJ426362.1
and FJ426363.1 for B. bigemina.

The quantification of the NC of the DNA from B. bovis and B.
bigemina, for both species, was possible in a dilution range from
10−10 to 10−3, with the highest dilution of each calibration curve
presenting a quantification sensitivity limit (last point on the curve)
of approximately 12 copies of the target DNA (average of the quan-
titative cycle of 38). We  conducted a total of eight qPCR runs, four
for quantification of the NC of each hemoparasite species. The reac-
tion efficiency (E) measures, coefficient of determination (r2) and
slope found in the tests were near those considered ideal (Table 1),
showing that the tests precisely quantified the DNA from these
parasites, within the limits considered. There was  little variation
of E between the tests, as shown by the low average standard devi-
ations in the quantification of the DNA from B. bovis and B. bigemina
(Table 1).

3.2. Detection of B. bovis and B. bigemina by qPCR

The qPCR assays allowed detecting B. bovis and B. bigemina
present in the genomic DNA obtained from the Angus cattle blood
samples. According to the tests, 100 and 98% of the animals
were infected by B. bovis and B. bigemina, respectively. Only two
samples gave negative results, i.e., no amplification of the tar-
get DNA in the samples, in both cases for B. bigemina and both
obtained in the second collection. These two samples were sub-
mitted to a new test, with negative results again. Contamination
of the negative controls did not occur in any test. According to
Bustin et al. (2009), the minimum number of copies it would
be possible to detect, considering a Poisson distribution and 95%
probability of including at least one copy in the PCR, would be
three.

3.3. Counting of R. microplus and qPCR for B. bovis and B.
bigemina

The statistical analyses showed a significant effect of species
(p < 0.05), which was  expected since the measure for each para-
site can be considered a different trait. There was  also a significant
effect for collection (p < 0.05), but not for the interaction between
species and collection, showing the behavior was similar for the
three species in the two  collections. The averages, presented in

Table 2, show higher values in the first collection than in the second
for all the species.

As was the case of the higher percentage of animals quantified
for B. bovis, the average NC value for this parasite is also higher
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Fig. 1. Specificity of cytochrome b qPCR for Babesia bovis and Babesia bigemina: melt curves with isolates and blood samples chosen at random. Note the specificities of the
primers  for the amplifications of B. bovis (77.5 ◦C) and B. bigemina (76.0 ◦C). Smooth lines = blood samples; cross lines = isolates.

Table 1
Reaction efficiency (E), coefficient of determination (r2) and slope from the tests conducted to quantify the DNA of B. bovis and B. bigemina by the qPCR technique.

Test B. bovis B. bigemina

E r2 Slope E r2 Slope

1 99.60 0.994 3.332 100.00 0.998 3.322
2  99.90 0.999 3.324 101.30 0.998 3.292
3  98.50 0.999 3.259 100.40 0.995 3.311
4  99.50 0.999 3.334 

Mean  ± SD 99.38 ± 0.61 0.997 ± 0.002 3.312 ± 0.0

Table 2
Means and standard deviations of the number of copies (NC) of DNA from B. bovis
and B. bigemina (log 10 + 1 transformed), analyzed by the qPCR technique.

Collection 1 2 Mean

B. bovis 1.68 ± 0.09 1.30 ± 0.09 1.49 ± 0.07
B.  bigemina 0.95 ± 0.09 0.68 ± 0.09 0.82 ± 0.06
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infections in Brazil can occur in the autumn months (Brum et al.,
R.  microplus 1.18 ± 0.05 0.95 ± 0.05 1.07 ± 0.03

han that for B. bigemina in the two collections (P < 0.05). The trans-
ormed means of the number of DNA copies from B. bovis and B.
igemina are presented in Table 2.

.4. Repeatability and associations of R. microplus, B. bovis and B.
igemina

The joint analyses of the three parasites permitted estimat-
ng the repeatability levels for the covariances between the two

easures for each species and the variance common to the two
easures for each species. The repeatability estimates found for

he R. microplus count and NC of B. bovis and B. bigemina DNA were
.05, 0.10 and 0.02, respectively. The correlations between the R.
icropluse  count on the one hand and the NC of B. bovis or B. bigem-

na DNA on the other were very near zero, both when considering

he measures obtained in the same collection and between differ-
nt collections. However, there was an association between the NC
alues for the two Babesia species, with a correlation coefficient
100.80 0.997 3.303

3 100.62 ± 0.56 0.997 ± 0.001 3.307 ± 0.012

value of 0.30 for measures from the same collection and 0.07 for
measures obtained from different collections.

4. Discussion

The number of purebred Angus cattle in Brazil is much smaller
than the number zebu breeds, but the former is widely used in
crosses to improve growth, fat thickness and meat quality traits,
especially by breeders using more advanced technology (Lobato
et al., 2014). These taurine cattle are considered highly susceptible
to ticks (Lemos et al., 1985; Oliveira and Alencar, 1990; Wambura
et al., 1998; Bianchin et al., 2007; Da Silva et al., 2007, 2010) and
to babesiosis (Bock et al., 1997; Jonsson et al., 2008; Piper et al.,
2010), the reason we  chose this breed for the experiment. Ticks are
common in the region studied and the animals in the herd were
monitored for the presence of these parasites and submitted to
regular treatments with acaricides. Bilhassi et al. (2014) studied
the same herd and their data showed this region can be classified as
endemically stable for babesiosis. We  used young animals, but ones
that had already suffered successive babesiosis episodes, so they
did not present clinical signs of infection at the collection times.

There were differences between the two R. microplus counts.
The numbers were higher in the first count (autumn) than the
second one (winter). Some authors have argued that higher tick
1987; Veríssimo et al., 1997; Andrade et al., 1998; Kasai et al., 2000),
or autumn and winter (Guaragna et al., 1988; Oliveira et al., 1989)
or winter (Utech et al., 1978). Da Silva et al. (2010) found that
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he highest cattle tick infestations occurred in winter and autumn,
hile the lowest were in spring and summer.

The repeatability of the tick counts was very low. This find-
ng contrasts with that of Mackinnon et al. (1991), who calculated
epeatability of 0.45 when studying natural infestation by this tick
n cattle of different genetic groups. They worked with tick count
ata recorded during five years. In Brazil, Fraga et al. (2003) studied
he tick resistance of Caracu animals by counting standard females
nd found repeatability of 0.21. Those authors also observed that
he number of counts conducted had a significant influence on the
stimate of repeatability. Da Silva et al. (2007) investigated arti-
cial infestation by R.(B.) microplus on cattle of different genetic
roups and found repeatability of 0.65. This value was estimated
rom four tick counts carried out after artificial infestation, at 14-
ay intervals. According to the authors, a high repeatability value
as expected, since the environmental conditions during the study
ere controlled, in contrast to natural infestations, and the period

etween counts was brief. It is possible that the low repeatabil-
ty estimate for the tick counts found by us occurred because we
nly conducted two counts, as well as the relatively long interval
etween them. In any event, the value indicates that under the
onditions of this experiment, the variation in the environment
n which each count was conducted was much more important
han the capacity of the animal to maintain levels of infestation.
herefore, it can be concluded that when evaluating animals for
ick resistance, a larger number of counts, under more controlled
onditions and shorter intervals between counts is desirable.

The qPCR tests employed in this study showed high specificity
n quantifying the DNA fragments from B. bovis and B. bigemina, as
lso described by Buling et al. (2007). The melting curve enabled
ifferentiating the two sequences, and when the specific cloned

solates of each species were used, the primer cbosg only amplified
. bovis fragments while cbisg only did so for B. bigemina.

The results of the qPCR tests showed that all the blood samples
sed in the experiment contained DNA from B. bovis, and 98% of the
ame samples contained DNA from B. bigemina. These results can
e considered reliable, since for each reaction plate we included
egative controls where no amplification occurred. This finding
orroborates that of Bilhassi et al. (2014), who quantified B. bovis
NA by qPCR in B. t. indicus, B. t. indicus × B. t. taurus and B. t. tau-

us animals and found B. bovis infection prevalences of 96%, 98%
nd 100%, respectively. To quantify the DNA from B. bovis by the
PCR technique in our study, the primers used were sequences of
itochondrial DNA from Babesia species, which flank genes that

odify cytochrome b (Buling et al., 2007), thus being multiple-copy
enes (Salem et al., 1999; Ríos and Ríos, 2011). The use of these
enes might have been responsible for the high sensitivity of the
echnique used, although similar results were found by Ramos et al.
2011), who used single-copy genes to detect B. bovis by qPCR in
nimals bred in an endemic area.

The repeatability values found for the two collections regarding
he number copies of B. bovis and B. bigemina DNA for the herd
tudied were low (respectively 0.02 and 0.10). These results
emonstrate that the parasitemia of these two species varies
reatly between collections from the same individual, i.e., the
bservation of infection from one observation is not a good indi-
ator of the subsequent observation of the same animal. The
stimated correlation of the tick counts and the NC values of B. bovis
nd B. bigemina were very near zero, both between the measures
rom the same collection and between measures from different col-
ections. Although the presence of these ticks is linked to potential
nfection by pathogens transmitted by them (Lorusso et al., 2013),

hese results indicate that the tick burden is not the preponder-
nt factor in determining the parasitemia level for B. bovis or B.
igemina. No studies have been published reporting the correla-
ion between the number of ticks and the number of DNA copies
e Diseases 7 (2016) 657–662 661

of these two  protozoa in cattle blood. The moderate correlation
found between the NC for B. bovis and B. bigemina in the same
collection indicates that the factors that determine an increase or
decrease in parasitemia for one species cause the same variation in
the other species. Since the repeatability of the NC was  low both for
B. bovis and B. bigemina, it was natural for the correlations between
the measures of the two parasites taken from the same animal in
different collections also to be low.

5. Conclusions

The qPCR applied in this study enabled estimating the para-
sitemia by B. bovis and B. bigemina with good precision and also
allowed observing the occurrence of a fluctuation in the levels of
these parasites in the animals’ blood over time. The absence of asso-
ciations between the quantity of DNA from B. bovis and B. bigemina
and the tick counts suggests that the variation of parasitemia by
the hemoparasites did not depend on the tick infestation levels.
The repeatability values estimated indicate that under the study
conditions, the variations in the tick infestation levels and of para-
sitemia by B. bovis and B. bigemina depend more on factors related
to each collection than on intrinsic factors of the animal.
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microplus). Rev. Bras. Zootec. 32 (6), 1578–1586.

http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0005
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0010
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0015
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0020
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0025
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0030
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0035
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0040
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0045
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0050
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0055
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0060
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065
http://refhub.elsevier.com/S1877-959X(16)30025-5/sbref0065


6 k-born

G

G

G

G

H

J

K

K

L

L

L

M

M

M

M

O

62 R. Giglioti et al. / Ticks and Tic

uaragna, G.P., Carvalho, J.B.P., Figueiredo, A.L., Gambini, L.B., Barbosa, M.I.A., 1988.
Efeito de fatores genéticos e ambientais na infestaç ão natural de carrapatos
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