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Abstract

Introduction: Bovine anaplasmosis is caused by the bacterium Anaplasma marginale; its transmission occurs through vectors such as ticks.
Crioula Lageana is a native cattle breed from the South of Brazil used for beef production, with excellent meat quality. There are no studies of
the epidemiology of this disease in Crioula Lageana even though tick damage is known to be frequent.
Methodology: Blood samples were collected from 311 Crioula Lageana cattle and subjected to DNA extraction and polymerase chain reaction
(PCR) using specific primers for the Major Surface Protein 5 (msp5) gene for the detection of the bovine anaplasmosis agent. The animals were
classified according to the gender, the category and the presence or absence of ticks at the time of collection. The animal owners completed an
epidemiological questionnaire to determine factors that might be associated with anaplasma infection.
Results: The prevalence of A. marginale was 79.9%. The following factors were found to be protective against infection: I) the breeding
objectives (whether animals were destined for beef production and trade or solely for beef production), II) tick control rate; and III) pregnant
and lactating cows and calves as the categories least affected by the hemoparasite. The main risk factor for hemoparasite acquisition was the
use of organophosphates and avermectins as acaricides.
Conclusions: Crioula Lageana cattle are in a situation of enzootic stability, with a high prevalence of A. marginale infection. The factors
associated with the infection were: I) breeding objectives, II) tick control rate, III) the acaricides used, and IV) the most tick-parasitized
categories of cattle.
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Introduction
Anaplasmosis, caused by the agent Anaplasma
marginale, is a widely distributed disease [1] that leads
to huge economic losses due to high morbidity and
mortality rates and the costs of controlling the disease
[2]. The transmission of the hemoparasite depends on
vectors such as the Rhipicephalus microplus tick, which
is present in regions with tropical and subtropical
climates [3]. In Santa Catarina State, located in the
South of Brazil, Crioula Lageana is a native cattle breed
very important for beef production in the region. Tick
damage is frequent in this breed; the damange is mainly
related to the transmission of pathogens, such
Anaplasma marginale, Babesia bovis and Babesia
bigemina [4].
The epidemiology of anaplasmosis varies according
to the region under study, due to climatic conditions and

the distribution of vectors in different locations [5], and
according to factors related to racial characteristics such
innate resistance to Boophilus microplus. The latter
factors may or may not predispose animals to the
development of clinical disease [6]. Animals of the
Crioula Lageana breed have high-quality meat that is
valuable; the breed possesses hardiness and
adaptability. However, this breed has become nearly
extinct; currently, conservation center properties are
being used to maintain the breed group [7].
Knowledge of the mechanism of infection of
Crioula Lageana cattle by A. marginale is an important
step towards the knowledge of the health status of these
herds and represents an investment in the further
exploration of the genetic potential of the breed in
breeding programs, considering its excellent production
characteristics.
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Animal health data are fundamental in meeting the
requirements of commercialization of animal products
inside and outside Brazil [8]. Epidemiological surveys
based on molecular techniques provide more accurate
and reliable data than those based on serology [9].
Enzootic stability is a term used in the epidemiology of
tick and tick-borne diseases, related to host-tickpathogen interactions, with a low incidence of clinical
disease. It affects cattle production because when this
condition is not present, outbreaks can occur [10]. In
recent surveys, the Santa Catarina Plateau was
designated as a region of enzootic instability for
anaplasmosis [11,12], so studies in this field are
necessary. Knowledge of the risk factors associated
with infection is important in the development of
strategies and methodologies for disease prevention and
control in populations.
This study aimed to present the first survey of
epidemiological data on A. marginale infection in the
Crioula Lageana cattle breed using molecular
techniques, and to identify the factors associated with
agent acquisition at breeding and conservation
properties of the breed in the state of Santa Catarina,
Brazil.
Methodology
Determination of sample size
For the evaluation of the prevalence of A. marginale
in the population of Crioula Lageana cattle, the
following formulas were used according to the
Organización Panamericana de la Salud (OPAS) [13]:
1.962 [𝑝𝑝(1 − 𝑝𝑝)]
𝑛𝑛0 =
(𝑑𝑑)2
where n0 is the number of samples, p is the expected
prevalence and d is the margin of error. Assuming an
estimated prevalence of 50% for positive samples, a
95% confidence interval and a margin of error of 5%,
the result for 𝑛𝑛0 was 384 animals. However, because
this is a finite population, we proceeded to the following
calculation:
𝑁𝑁 𝑥𝑥 𝑛𝑛0
𝑛𝑛 =
𝑁𝑁 + 𝑛𝑛0
where N is the total number of animals in the
population. For the Crioula Lageana breed, this number
is 1500. From these calculations, the final number of
306 animals to be sampled was obtained.
Animals and sampling procedures
Blood samples from 311 Crioula Lageana cattle
(males and females, young and adults, all registered by
the Associação Brasileira de Criadores da Raça Crioula
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Lageana (Brazilian Crioula Lageana Breeders
Association; ABCCL)) were collected in vacuum tubes
containing 10% EDTA as an anticoagulant. The
samples were obtained in the fall of 2016. The animals
were located at in situ conservation centers in the cities
of Lages, Ponte Alta, Painel and Curitibanos, which are
located in the Santa Catarina Plateau, latitude 27º 48'
58" S and longitude 50º 19' 34" W. The cattle were
classified into categories; samples were obtained from
32 bulls (males over two years old), 141 cows (females
over two years old), 66 heifers (females between one
and two years old) and 72 calves (males and females up
to one year old). The absence of steers was because the
samples originated from in situ conservation centers of
the breed, so males that were not intended for breeding
had been sold for fattening. For the analysis with regard
to sex, the animals were separated into 62 males and
249 females, without distinction with respect to age.
Physical examination
Physical examination was used to verify the
presence of clinical signs compatible with the clinical
disease; heart rate (HR), respiratory rate (RR), ruminal
movements (RM), rectal temperature and mucosal color
were measured. All the variables measured were
compared to the reference values for the specie (Data
not shown).
DNA extraction
The blood samples collected from the animals were
frozen at -20°C; after thawing, they were immediately
subjected to DNA extraction using a commercial kit
(ReliaPrep™ Blood gDNA Miniprep System –
Promega – Madison, Winsconsin, EUA) according to
the manufacturer's instructions. After extraction, the
concentration of each DNA sample was measured in a
spectrophotometer (NanoDrop 2000® Thermo Fischer
– Waltham, Massachusetts, EUA), and the DNA was
diluted with ultrapure water to a minimum
concentration of 20 ng/μL.
Molecular analysis
To verify the presence of A. marginale in the
animals, Major Surface Protein 5 (msp5) gene of A.
marginale was chosen [9]. To amplify a 458-bp
fragment of msp5, we used the following primers: (1)
msp5 F: 5’- CGC AGA TCT AGC AAA ATC GGC
GAG AGG TTT ACC ACT TC -3’ and (2) msp5 R: 5'GCG CTG CAG TGG CGC AAA ATG CCC GAC
ATA CC -3’) [9].
The PCR reaction was conducted in 0.2-mL
microtubes in a final volume of 25 μL. The reaction
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mixture contained 1 U Taq polymerase (Promega
Corporation, Wisconsin, USA), 8.5 pmoles of each
primer, 0.2 mM nucleotides (dNTPs), 3.5 mM
magnesium chloride; PCR buffer at 1X final
concentration, 3 μL of DNA (concentration between 20
and 100 ng/μL) and ultra-pure water to make up the
final volume. Negative and positive controls containing
A. marginale DNA (provided by Embrapa Amazônia
Oriental, Belém do Pará, Brazil) were used for each
reaction; the negative controls, which were used to
guarantee the quality and specificity of the technique,
contained the same components except that the
genomic DNA was replaced with DNAse-free ultrapure water. The temperature conditions applied in the
thermal cycler included initial denaturation at 95ºC for
two minutes, 30 cycles of 94ºC for 1 minute, 54.2ºC for
1 minute and 73ºC for 1 minute, and a final extension at
73ºC for 7 minutes.
Electrophoresis of the amplification products was
conducted in a horizontal apparatus with 2% agarose
gels containing dye. The first gel lane contained a
molecular weight marker of 100 bp used as a standard
to determine the size of the bands in the samples. The
electrical source was applied at 140 V and 400 mA for
1 h, and the bands were visualized by exposure to
ultraviolet light. The presence of a single band close to
458 bp in size was indicative of positivity for A.
marginale.
To confirm that the fragments obtained in the
electrophoresis originated from the A. marginale msp5
gene, positive samples were randomly chosen and
sequenced by Ludwig Biotec (Brazil) using a BigDye
Terminator v3.1 cycle sequencing kit (Applied
Biosystems, USA). The sequenced fragments were
analyzed
using
the
BLAST
tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
All
the
fragments had the same sequence and showed 98%
identity with the sequence KP347554.1, corresponding
to
the
msp5
gene
in
Gene
Bank
(https://www.ncbi.nlm.nih.gov/genbank/).
Associated factors
To determine the factors associated with the
presence of A. marginale infection, an epidemiological
questionnaire containing questions related to the farm
profile was completed by the owners of each site
analyzed.
Statistical analysis
Univariate analysis using the chi-square test (p ≤
0.05) and odds ratio analysis were performed to
compare the rates of infection by A. marginale in cattle
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of different sex and category and to determine whether
or not infection was associated with the presence of
ticks on the animals at the time of sampling. The
statistical model applied to the questionnaire data was
developed via univariate analysis using the chi-square
test (p ≤ 0.05). For the questions that yielded significant
results in the first analysis, a multivariate analysis was
conducted through logistic regression (p ≤ 0.05).
Questions that presented multicollinearity in the second
analysis were excluded from the evaluation to enable
the verification of the association between the presence
or absence of the agent and the associated factors.
Ethics committee approval
The study was approved by the Comitê de Ética em
Experimentação Animal (Committee of Ethics in
Animal Experimentation; CETEA) of the Santa
Catarina State University (UDESC) under protocol
number 2461171115 and by the Comitê de Ética em
Pesquisa com Seres Humanos (Committee for Ethics in
Research with Humans; CEPSH) of the UDESC under
protocol number CAAE 2.068.771.
Results
The prevalence of A. marginale infection in the
sample was 79.7% (248/311). All animals positive for
infection were considered subclinical, as no changes
were detected on physical examination and all of the
measured physical parameters remained within the
reference values for the species (data not shown).
When the animals were evaluated for the presence
or absence of infection by sex and category, it was
found that of all the animals sampled, 249 (249/311,
80.1%) were female; of these, 199 (199/249; 79.9%)
were positive for the agent. Of the 62 males (62/311,
19.9%) evaluated, 49 (49/62, 79.0%) presented positive
results. There was no difference between the sexes in
the percentage of infected cattle (p=0.983). Of the 32
bulls (32/311, 10.3%) evaluated, 26 (26/32, 81.2%)
were positive; of the 66 heifers (66/311, 21.2%), 57
(57/66; 86.4%) were positive. Of the 141 cows
(141/311, 45.3%), 115/141 (81.6%) showed positive
PCR findings for A. marginale; similarly, of the 50
calves (50/72, 69.44%), 72/311 (23.15%) were positive
for infection. The chi-square test did not show
significant differences (p = 0.077) among these
categories in the proportions of positive animals.
The relationship between the presence of ticks
parasitizing the animals at the time of sampling and
positivity for A. marginale infection was also evaluated.
The analysis showed no relationship between these two
variables in the chi-square test (p = 0.274).
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In the analysis of the responses in the questionnaires
completed by the owners, the variables associated with
the presence of the infection were: I) breeding objective
(p < 0.001), II) the contact of cattle with other animal
species (p < 0.001), III) the replacement of animals (p
= 0.006), IV) previous cases of anaplasmosis (p =
0.003), V) the period of greatest infestation by ticks (p
< 0.001), VI) the presence of hematophagous insects (p
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= 0.002), VII) tick control rate (p = 0.002), VIII) the use
of acaricides (p < 0.001), IX) the timing of treatment for
ticks (p < 0.001), and X) the categories of animals with
high tick infestation rates (p < 0.001) (Table 1).
Questions for which a value of p ≤ 0.05 was
obtained were considered significant in the univariate
analysis and were thus subjected to multivariate
analysis; the factors that presented multicollinearity

Table 1. Univariate analysis of the factors associated with A. marginale infection determined by the PCR technique for the Crioula Lageana
cattle breed in Santa Catarina State, Brazil.
A. marginale infection
Variables
Positive
Negative
p
N
%
N
%
Number of animals on the property
51 to 100
42
13.5
5
1.6
0.113
More than 100
206
66.2
58
18.7
Breeding objectives
Meat, reproduction and animal trade
134
43
31
10
Meat
14
4.5
3
1
Reproduction and animal trade
58
18.6
3
1
< 0.001
Meat and animal trade
14
4.5
24
7.7
Sale
28
9
2
0.7
Farm size
50 to 100 ha
14
4.5
3
1
0.972
Greater than 100 ha
234
75.2
60
19.3
Contact of cattle with other animal species
Equine, dog and sheep
63
20.3
9
3
Swine
28
9
2
0.6
Equine and dog
14
4.5
24
7.7
< 0.001
Equine, swine, dog and cat
58
18.6
3
1
Equine, dog, cat, bird and sheep
71
22.8
22
7
Equine, dog, cat and wild animals
14
4.5
3
1
Contact with cattle from other properties
Yes
135
43.4
36
11.6
0.807
No
113
36.3
27
8.7
Replacement of animals
Own herd (No)
91
29.3
11
3.5
0.006
Own herd and other properties (Yes)
157
50.5
52
16.7
Veterinary care
Yes
105
33.8
35
11.2
0.082
No
143
46
28
9
Previous cases of anaplasmosis
Yes
77
24.8
33
10.6
0.003
No
171
55
30
9.6
Period of greatest infestation by ticks
Fall
72
23.1
6
2
Summer
99
31.8
24
7.7
< 0.001
Fall and spring
14
4.5
24
7.7
Summer and fall
63
20.2
9
3
Presence of hematophagous insects
Yes
190
61
60
19.4
0.002
No
58
18.6
3
1
Do tick control?
Yes
176
56.6
57
18.3
0.002
No
72
23.2
6
2
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Table 1 (continued). Univariate analysis of the factors associated with A. marginale infection determined by the PCR technique for the Crioula
Lageana cattle breed in Santa Catarina State, Brazil.
A. marginale infection
Variables
Positive
Negative
p
N
%
N
%
Use of acaricides
Pyrethroids
91
29.3
36
11.6
Organophosphates and avermectins
99
31.8
24
7.7
< 0.001
Avermectins
58
18.6
3
1
Time of treatment for ticks and anaplasmosis
Fall
72
23.2
6
2
Spring and fall
14
4.5
24
7.7
Spring, summer and fall
71
22.8
22
7
< 0.001
Summer
28
9
2
0.6
Summer and fall
63
20.2
9
3
Most tick-parasitized categories
Pregnant, lactating cow and calf
14
4.5
24
7.7
Lactating cow
14
4.5
3
1
< 0.001
Calf
220
70.7
36
11.6

were excluded from the model, as the real relationship
between the variables was not determined.
Logistic regression was used to identify factors
associated with anaplasmosis: the objective of meat
production (p = 0.017), regular tick control (p < 0.001)
and the groups of pregnant or lactating cows and calves
(p < 0.001) were considered less susceptible to the
acquisition of hemoparasites. The use of acaricides (p =
0.004) was a risk factor for A. marginale infection.
(Table 2).
The multivariate analysis, which was conducted
through binary logistic regression, aimed to verify
whether the associated factors were in fact predictors of
A. marginale infection.
Discussion
This is the first study of the prevalence of A.
marginale in the Crioula Lageana cattle breed. The
epidemiological data revealed that the farms evaluated
are in a situation of enzootic stability according to
Mahoney [14], with the presence of hemoparasiteinfected ticks but with a low incidence of clinical
disease in the cattle. All animals were asymptomatic at
the time of sampling. Once the biological vectors are
circulating in the animals and in the environment,
immunity against A. marginale is maintained, keeping

the animals free of clinical disease and reinforcing the
importance of maintaining contact between the cattle
with the vectors.
Situations of enzootic instability are uncommon in
Brazil. In the Southern part of Brazil, regional
differences in the epidemiology of infection may be due
to the sampling times and the methods used to
determine the prevalence; samples collected in the
summer may reveal greater numbers of positive animals
[15] due to the frequent infestation of the animals by the
transmitting tick. In the regions in which sampling was
conducted duringwinter and spring, the number of
animals considered positive was low, and these regions
were classified as being in a state of enzootic instability.
They included the Center-South [16], the Northwest
[17] and the Southwest of Paraná State [18]. All of these
studies used serology to diagnose the infection. The use
of tests such as ELISA, which detect antibodies against
the agent and not its presence in the blood of the animals
at the time of sampling, can lead to overestimation of
infection prevalence in the herds [19].
In Santa Catarina State, a recent study classified the
region of the Santa Catarina Plateau as being in a state
of enzootic instability for anaplasmosis based on results
obtained using the multiplex-PCR technique, which
indicated a prevalence of 27.24% [12]; the data

Table 2. Multivariate analysis of the factors associated with A. marginale infection detected by PCR in the Crioula Lageana cattle breed, Santa
Catarina State, Brazil.
Risk factor
P value
OR
95% CI
Coefficient
S.E.
Production purpose of husbandry
0.017
0.831
0.713 - 0.968
- 0.185
0.078
Tick control
< 0.001
0.066
0.017 - 0.250
- 2.724
0.682
Use of acaricides
0.004
2.114
1.262 - 3.542
0.749
0.263
Categories most parasitized by ticks
< 0.001
0.567
0.415 - 0.773
- 0.568
0.159
Significant association at the 5% level. OR = odds ratio; CI = 95% confidence interval; S.E. = standard error of estimate.
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included the occurrence of an outbreak in the region in
2013 [11]. These data, however, were not confirmed in
farms breeding the Crioula Lageana, where we
measured a prevalence of 80%. This variation may be
associated with the time at which sampling was
conducted, since during the summer and fall, when
blood samples were collected for this study, greater
numbers of Boophilus microplus larvae and
consequently more parasitized cattle are present [20],
favoring A. marginale infection. The absence of regular
control of the vectors and the extensive husbandry of
the animals favor constant contact of the animals with
the hemoparasite, reinforcing the animals’ immunity
against the causative agent of the clinical disease.
There was no relation between the sex of the
animals and A. marginale infection (p = 0.983) [21,22].
Also the category of animal was not found to be a factor
affecting the prevalence of infection in the Crioula
Lageana. This is in agreement with the literature, which
associates infection with the peripartum period in cows,
as in this period, the concentration of immunoglobulins
in females is reduced [23]. This state of
immunosuppression, aggravated by hormonal changes,
would favor the introduction of the parasite A.
marginale [23]. M’Ghirbi et al. [24] found that the A.
marginale infection rate was higher in young animals
than in adults since the latter were exposed in higher
rate to ticks, which are the agents of transmission. For
the Crioula Lageana, such a difference was not verified
(p = 0.077).
The presence of ticks on the animals at the time of
sampling was not found to be associated with infection
(p = 0.274). Abdela et al. [21] also found no association
of ticks with A. marginale infection and hypothesized
that other sucking arthropods and fomites may play an
important role in its transmission. In areas of Central
America and Africa where the tick vector is absent,
mechanical transmission via fomites is considered the
primary means of transmission of bovine anaplasmosis
[25].
Among the factors associated with infection, the
breeding objectives (p < 0.017) were associated with
reduced rates of infection by A. marginale. The
properties that had, among other purposes, the objective
of animal reproduction, were associated with the
highest rates of inoculation. These data may be
associated with changes caused by cows' gestation and
lactation. Nevertheless, the breeding objectives do not
increase the risk of infection by A. marginale and may
even contribute to controlling the disease, especially on
properties that work exclusively with animals destined
for the production of meat and for animal trade.
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Likewise, tick control was identified (p < 0.001) as
a negative risk factor for acquisition of infection. Of the
311 animals evaluated, 56.6% received regular tick
control, and these animals were slightly less likely (OR
= 0.066) to acquire the infection. Wesonga et al. [22]
found no relationship between regular tick control and
A. marginale infection in a multivariate analysis, and
attributed this finding to the absence of real efficacy of
the active principles used for control.
The classes of active ingredients used in tick control
were also associated with the presence or absence of A.
marginale infection (p = 0.004). A study of the
resistance of ticks to acaricides in Mexico showed that
these arthropods are resistant to more than one class of
acaricide [26]. In the cattle population investigated in
our study, the class of acaricide used or the use of a
combination of different classes of acaricides were
associated with an increase of more than two-fold in the
likelihood of the animals being positive for the
anaplasmosis agent. In farms that use a combination of
organophosphates and avermectins (OR = 2.114), there
are indications that ticks may be resistant to several
classes of commonly used acaricides. The lack of
regularity in the application of acaricides on most of the
properties can lead to resistance of the ectoparasites to
the active ingredients used, favoring the presence of
ticks parasitizing the cattle and thus maintaining A.
marginale infection rates.
According to information obtained from the owners
of the animals, the category of animal most infested by
ticks was calves. Animal category is a significant factor
(p < 0.001) with respect to tick infestation and positivity
for A. marginale. The effect of age can also be confused
with the animals’ physiological state. When age is
evaluated in studies of bovine resistance to ticks, older
animals tend to show more susceptibility to infestation
than younger ones [27,28]. This was not confirmed in
this work, according to the observations made by the
owners. Thus, observations made over an extended
period, with tick counts conducted at different times,
are necessary to confirm the behavior of the
ectoparasites in each animal category, given that the
data we obtained are not consistent with the data on
infestations that have been reported in the literature.
Most of the factors that were found to be significant
in the multivariate analysis were associated with odds
ratio values that represented a reduction in the chances
of infection (OR < 1). These data may reveal factors that
can be considered positive in the management of cattle
of this breed. The protective factors, according to the
OR, can reduce the likelihood of infection by A.
marginale without, however, eliminating the parasite,
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thus maintaining a situation of enzootic stability in the
population.
Conclusions
A high prevalence of A. marginale infection in the
Crioula Lageana cattle breed was revealed by the use of
the PCR technique to identify infected animals.
Regarding the factors associated with A. marginale
infection, animals whose production purpose was for
sale and/or meat production, those who received regular
tick control, and specific categories of animals
parasitized by ticks, such as pregnant, lactating cows
and calves, were considered less susceptible to the
acquisition of hemoparasites. The use of
organophosphates in combination with avermectins as
acaricides were a risk factor for A. marginale infection,
probably due the acaricide resistance. We recommend
further studies in order to establish a more accurate
picture of how these factors are associated with the rates
of infection of A. marginale.
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