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A B S T R A C T   

The objective of this study was to identify Anaplasma marginale strains in dairy heifers from farms with a history 
of anaplasmosis in the northwest region of the State of Minas Gerais, Brazil. Among the examined animals of the 
four farms, the overall prevalence total of A. marginale was 55.7 % for gene msp5 and 36.7 % for blood smear. 
Thirty DNA samples (from 24 asymptomatic and six symptomatic animals) positive for A. marginale msp1α were 
sequenced to study genotype and strain diversity. The majority (28/30) were the E genotype, followed by C (1/ 
30) and G (1/30). Thirteen different strains were found: α-β-F-F-F (nine animals), 13− 27-27 (three animals), 
τ-27− 18 (three animals), α-β-β- BRA1− 31 (three animals), α- 22–1318 (three animals), 80-F-F- F-F (three ani-
mals), and α -22− 13-13, α-β-β-Г, M-φ-φ-φ-φ-F, 42− 25- 25–31, Q-Q-Q-M, B-Q-B-Q-B-M, and 16− 17-F-F (one 
animal each). A new structure repeated in tandem was described and named BRA 1 (TDSSSASGVLSQSG-
QASTSSQLG). The α-β-F-F-F strain was present in all animals with acute anaplasmosis and in three animals 
asymptomatic. Thus, although 13 strains were observed in the animals evaluated, only the α-β-F-F-F strain was 
identified during occurrence of acute disease and mortality, we suggest that this strain has important pathoge-
nicity for calves in northeastern Minas Gerais.   

1. Introduction 

Bovine anaplasmosis is a disease caused by the intracellular bacte-
rium Anaplasma marginale (Rickettsiales: Anaplasmataceae), which is 
widely distributed in tropical and subtropical regions (Dumler et al., 
2001). The disease is most commonly observed in cattle and has caused 
significant economic losses (Kocan et al., 2010). Other species such as 
buffalo, bison, African antelope, and some deer species can also be 
infected (Berggoetz et al., 2014; Tonetti et al., 2009; Vatsya et al., 2013). 

Cattle of all ages can be infected and become permanent carriers, 
some remaining asymptomatic and others experiencing acute clinical 
symptoms including fever, anemia, abortions, weight loss, decreased 
milk production, or death (Kocan et al., 2010) A. marginale is trans-
mitted by biological, mechanical, iatrogenic, and transplacental 

processes. In Brazil, the main biological vector of A. marginale is Rhipi-
cephalus microplus, and the morbidity of anaplasmosis in herds is mainly 
associated with the population fluctuations of this vector (Kessler, 
2001). As the monoxene tick presents no evidence of transovarial 
transmission, mechanical and iatrogenic transmission are important in 
the spread of A. marginale to cattle herds in Brazil(Brito et al., 2019; 
Kocan et al., 2010). 

Mechanical transmission of A. marginale occurs mainly via the he-
matophagous dipterans Stomoxys calcitrans, Haematobia irritans, and 
tabanids (Foil, 1989; Potgieter et al., 1981; Scoles et al., 2005). In rural 
areas, it is sometimes transmitted iatrogenically through contaminated 
surgical instruments or needles during joint surgeries (e.g., dehorning, 
castration) or vaccinations (Kessler, 2001; Reinbold et al., 2010). No less 
critical is the transplacental transmission from the cow to the calf (Brito 
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et al., 2019). 
One of the factors that has contributed to the difficulty in controlling 

bovine anaplasmosis in Brazil is the great antigenic and genetic diversity 
found within the same herd and even within the same animal (Vidotto 
et al., 2006). 

The genetic diversity of A. marginale has been characterized by genes 
that encode major surface proteins (MSP’s), which interact with verte-
brate and invertebrate host cells (de la Fuente et al., 2007, 2005). The 
MSP1 protein is a heterodimer composed of two distinct polypeptides, 
MSP1a and MSP1b. MSP1a is encoded by a single gene copy, msp1α 
(Allred et al., 1990), and an analysis of the repeated sequences within 
this protein has identified different strains of A. marginale worldwide 
(Cabezas-Cruz et al., 2013; de la Fuente et al., 2007). In Brazil, studies of 
A. marginale isolates have identified a wide genetic diversity within a 
given herd and in some geographic regions of the country (de La Fuente 
et al., 2004; Machado et al., 2015; Pohl et al., 2013; Silva et al., 2015; 
Vidotto et al., 2006). 

Among the different strains of A. marginale identified worldwide, 
some have been associated with the occurrence of anaplasmosis out-
breaks. The α-β3-Γ and τ-10− 15 strains have been previously described 
in outbreaks of bovine anaplasmosis in Mexico (Almazán et al., 2008) 
and Argentina (Ruybal et al., 2009). In Brazil, (Silva et al., 2015) and 
(Machado et al., 2015) associated the α-β3-Γ strain with acute 
anaplasmosis and mortality in dairy herds. 

The state of Minas Gerais stands out in the national context as the 
largest milk producer in Brazil. According to the Brazilian Institute of 
Statistics and Geography (IBGE), the state had an estimated population 
of 3.2 million milked cows in 2018, with approximately 8.9 billion liters 
of milk being produced in Minas Gerais State (IBGE, 2020). Anaplas-
mosis, however, is limiting factors for calf-rearing among rural proper-
ties in the region, although few studies have focused on identifying the 
strains of A. marginale during occurrences of the disease. 

Thus, the objective of this study is to identify A. marginale strains in 
calves of dairy farms reporting anaplasmosis located in the northwest 
region of the State of Minas Gerais. 

2. Materials and methods 

2.1. Compliance with ethical standards 

The present study was approved by the Council of Ethics in the Use of 
Animals (CEUA) of the Federal University of the Jequitinhonha and 
Mucuri Valleys (UFVJM) under protocol No. 060/2016. The research is 
consistent with the precepts and norms of the National Council of 
Control of Animal Experimentation (CONCEA) in Brazil. 

2.2. Study area and animals 

Animals from four dairy farms located in the northwest region of the 
State of Minas Gerais, Brazil, were randomly selected. The properties 
were previously selected for convenience using the dairy producers’ 
reports on the occurrence of clinical cases of bovine anaplasmosis in the 
previous five years. The properties were selected from the municipalities 
of Unaí (n = 3) and Cabeceira Grande (n = 1). The analyzed herds 
comprised several dairy breeds (Dutch, Gir, Jersey, Kiwi Cross and their 
crosses). Visits to the properties were conducted between January and 
September 2017. The evaluated animals were randomly selected ac-
cording to the availability at the property. 

In each of the properties, the management adopted the procedure 
that all animals received colostrum in the first three days following 
birth, and subsequent suckling was performed through a baby bottle and 
individual buckets. In addition to milk, all calves received Tifton grass 
(Cynodon spp.) hay and concentrated rations for calves. Weaning of the 
animals was performed by bodyweight (i.e. when the animals reached a 
bodyweight of between 70 kg and 100 kg), varying with the breeds of 
the animals, whether they were kept in Brachiaria brizantha grass, 

received corn silage or concentrated feed in troughs. These animals 
presented weights ranging from 100 kg to 220 kg according to the racial 
pattern. The age of the animals examined varied from 10 to 300 days. 

2.3. Sample determination 

The calculation of the minimum sample size was determined by the 
following formula: N = p.(100-p)Z2/(d.p/100)2, where N = number of 
samples; p = expected prevalence; Z = trust rating; d = margin of error. 
The expected prevalence of 50 % was estimated by a previous pilot. The 
confidence interval was 95 % and the margin of error was 5%. Thus, the 
required sample size was at least 196 animals. 

2.4. Semi-nested polymerase chain reaction for the MSP5 gene 

The molecular diagnosis for A. marginale was performed using the 
semi-nested polymerase chain reaction (PCR) technique for the msp5 
gene standardized by Torionide Echaide et al. (1998). The reaction 
Master Mix contained buffer 1X (5X Colorless GoTaq Promega), 1.5 mm 
of the MgCl2 (Promega MgCl2 Solution), 0.2 mm of DNTP’S, 0.2 μM of 
each primer, 1 U of Taq DNA polymerase, sample DNA, and sufficient 
water to obtain a final volume of 25 μL. 

The primers used to amplify the msp5 gene were EF (5′- GCA-
TAGCCTCCGCGTCTTTC-3′) and ER (5′-TCCTCGCCTTGGCCCTCAGA- 
3′) in the first reaction, and IF (5′-TACACGTGCCCTACCGAGTTA-3′) and 
ER (5′- TCCTCGCCTTGGCCCTCAGA-3′) in the second reaction to yield a 
344-base-pair final product. 

The following conditions were used for the first and second reactions 
of the msp5 gene: initial denaturation at 94 ◦C for five mins, followed by 
35 cycles at 94 ◦C for one min, 58 ◦C for one min, and 72 ◦C for one min, 
and an extension at 72 ◦C for ten mins. The products of the PCR reactions 
were analyzed using an electrophoresis gel (1.5 % agarose). For each 
reaction, a positive control (A. marginale AmRio 2 strain), according to 
Baeta et al. (2015), and two negative controls (water) were included. 

2.5. Semi-nested polymerase chain reaction for the msp1α gene 

The reaction Master Mix contained buffer 1X (5X Colorless GoTaq 
Promega), 1.5 mm of the MgCl2 (Promega MgCl2 Solution), 0.2 mm of 
DNTP’S, 0.2 μM of each primer, 1 U of Taq DNA polymerase, sample 
DNA, and sufficient water to obtain a final volume of 25 μL. 

The primers used to amplify the msp1a gene were 1733 F (5′- 
TGTGCTTATGGCAGACATTTCC-3′) and 3134R (5′ TCACGGT-
CAAAACCTTTGCTTACC-3′) in the first reaction, while the initiators 
1733 F (5′-TGTGCTTATGGCAGACATTTCC-3′) and 2957R (5′

AAACCTTGTAGCCCCAAC TTATCC-3′) were used in the second reac-
tion, to yield a final product of 630–1190 base pairs (Lew et al., 2002). 

The following conditions were used for the first reaction of the msp1a 
gene: initial denaturation at 94 ◦C for four mins, followed by 35 cycles at 
94 ◦C for 30 s, 55 ◦C for one min and 72 ◦C for two mins, and a final 
extension at 72 ◦C for seven mins. For the second reaction, the condi-
tions were initial denaturation at 94 ◦C for four mins, followed by 35 
cycles at 94 ◦C for four mins, 60 ◦C for one min, 72 ◦C for two mins, and a 
final extension at 72 ◦C for seven mins. The products of the PCR re-
actions were analyzed using an electrophoresis gel (1.5 % agarose). For 
each reaction, a positive control (A. marginale AmRio 2 strain), lated, 
according to (Baeta et al., 2015), and two negative controls (water) were 
included. 

2.6. Sequencing 

The criterion adopted for sequencing was the presence of samples 
positive for A. marginale for gene msp5 of animals examined with acute 
or asymptomatic clinical signs, with priority being given to samples 
from the four farms, for a better understanding of the strains circulating 
in the calves on each farm at the time of collection. 
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The PCR products of the msp1α gene were purified using ExoSAP-IT 
PCR cleanup reagent (ThermoFisher) and sequenced using a capillary- 
type Sanger platform on the ABI 3730 DNA Analyzer (Applied Bio-
systems, Life Technologies®). 

2.7. Phylogenetic analysis 

The sequences obtained and those found in databases (GenBank®) 
were aligned using the MUSCLE (Edgar, 2004) tool in the Seaview4 
program (Gouy et al., 2010). Phylogenetic relationships were esti-
mated using phylogenetic inference using the Markov chain Monte 
Carlo (MCMC) method implemented in MrBayes v3.2.5 (Ronquist 
et al., 2012), under the sequence evolution model, Kimura 2-parame-
ters + gamma (Kumar et al., 2016). These characteristics were cho-
sen after alternative models were tested hierarchically through 
computing using the Bayesian information criterion, determined in 
MEGA version 7 (Kumar et al., 2016). A Bayesian analysis consisted of 
two simultaneous independent runs of 3 million MCMC combined, 
regardless of 25 %. 

2.8. Analysis of tandem repetition structures and genotype classification 

A microsatellite was located at the 5′UTR of the msp1α gene between 
the Shine- Dalgarno sequence (GTAGG) and the translation initiation 
codon (ATG) (De La Fuente et al., 2001). The microsatellite sequence 
was GTAGG (G/A TTT) m (GT) n T ATG (Estrada-Pena et al., 2009). The 
distance SD-ATG was calculated according to the formula (4 × m) + (2 ×
n) + 1 described by Estrada-Pena et al. (2009), which made it possible to 
obtain the number of nucleotides and later classify the samples into 
genotypes. The nucleotide sequences were translated into amino acid 
sequences using the ExPASy translation tool (http://web.expasy.org/t 
ranslate). The analysis of repeated sequences of MSP1a was carried 
out according to the nomenclature proposed by de la Fuente et al. 
(2007). 

3. Results 

Three hundred animals from four rural properties in the municipal-
ities of Unaí (n = 166) and Cabeceira Grande (n = 134) were examined. 
Among the examined animals, the prevalence of A. marginale was 55.7 
% for the gene MSP5 and 36.7 % for the blood smear. The infection rates 
determined by analysis of the MSP5 genes and the blood smears are 
shown in Table 1. 

For the study of genetic diversity, 30 samples (from 24 asymptomatic 
and six symptomatic animals) were positive for the A. marginale gene 
MSP1α, and the majority of samples were of genotype E (28/30, 93.3 %), 
followed by genotypes C and G (each found in one animal, 3.3 %). 
Thirteen strains of A. marginale were found to infect the calves: α-β-F-F-F 
(nine animals), 13− 27-27 (three animals), τ-27− 18 (three animals), 
α-β-β-BRA1− 31 (three animals), α -22− 13-18 (three animals), 80-F-F-F- 
F (two animals), and α-22− 13-13, α-β-β-Г, M-φ-φ-φ-φ-F, 42− 25-25− 31, 
Q-Q-Q-M, B-Q-B-Q-B-M, and 16− 17-F-F (one animal each). Six of the 30 

sequenced samples were from animals experiencing acute anaplasmosis. 
All six animals were found to be infected with the α-β-F-F-F strain. Sick 
animals suffered from fever, weight loss, pale mucosae and jaundice. 
The other strains were detected in animals that were asymptomatic at 
the time of sample collection. Samples from some animals with acute 
anaplasmosis could not be sequenced. 

There were also animals infected with the α-β-F-F-F strain, which had 
chronic anaplasmosis at the time of sample collection. Repeated se-
quences of MSP1a ranged from 3 to 6 copies of tandem repeats in the N- 
terminal portion of the protein. Differences in the microsatellite 
sequence produced an SD-ATG distance of 19–23 nucleotides (Table 2). 
Nineteen MSP1a structures present in the strains of the calves examined 
consisted of previously described tandem repeats (α, β, F, M, Q, φ, 13, 
27, τ, 28, Г, 80, 22, 18, 16, 17, 25, 42, 31). A novel tandem repeat 
(TDSSSASGVLSQSGQASTSSQLG) named BRA 1, was found in three 
farm animals from farm 4 (isolates AmMG 26, AmMG 64, and AmMG 
76). This 23-amino-acid-long peptide was different from tandem repe-
tition α at peptide position 1 (threonine) (Fig. 1). 

On farm 1, an evolutionary relationship was observed between 
strains α-22− 13- 13 and α-22− 13-18, the latter differing by only one 
serine at amino acid position 28. Phylogenetic analyses of the msp1α 
gene of the isolates demonstrated high similarity to sequences previ-
ously obtained in the Minas Gerais state (accession numbers JX844215 
and JX844205) and Rio de Janeiro (accession numbers KJ6262201, 
KJ3983379, KJ398368, and KJ398381) and Pará (accession number 
KJ575597), and Paraná states (accession numbers AY998120 and 
AY998121) (Fig. 2). 

4. Discussion 

Strains of A. marginale differ geographically in their biological 
properties, with more than 250 MSP1a variations (Cabezas-Cruz et al., 
2013; Chien et al., 2019; de la Fuente et al., 2005; Hove et al., 2018). In 
this study, SD-ATG of 23 nucleotides was predominant. The microsat-
ellite length of the msp1a gene can affect the expression of the MSP1a 
protein. High levels of expression have been reported for SD-ATG dis-
tances of 23–29 nucleotides and low for SD-ATG distances of 19 nucle-
otides (Estrada-Pena et al., 2009). This suggests that A. marginale strains 
found in northwestern Minas Gerais may have a high infection and 
transmission capacity. 

Microsatellite analyses and tandem replications showed high di-
versity among A. marginale isolates from animals in northwest Minas 
Gerais, Brazil. The high genetic diversity of MSP1a of A. marginale ap-
pears to occur in tropical regions, as shown in several studies conducted 
in Brazil (Machado et al., 2015; Pohl et al., 2013; Ramos et al., 2019; 
Silva et al., 2016; Vidotto et al., 2006). Thirteen strains were found in 
this study, ten of which were described for the first time (α-β-F-F-F, 
α-β-β- BRA1− 31, α- 22− 13- 13, 80- F-F-F-F, α- 22- 13–18, M-φ-φ-φ-φ-F, 
42− 25- 25–31, Q-Q- Q-M, B-Q-B-Q-B-M, and 16− 17-F-F). 

The region within which the study was conducted has an adequate 
climate for the development of R. microplus throughout the year, and 
milk producers have found it difficult to control. The acaricides 
currently used have extensive shortcomings or are prohibited for 
lactating cows. These challenges may be facilitating transmission and 
directly influencing the high genetic diversity of A. marginale. In re-
gions endemic for anaplasmosis, a massive population of vector ticks 
has been associated with MSP1a (Estrada-Pena et al., 2009). Addi-
tionally, trade of infected cattle between different regions is another 
cause of A. marginale genetic diversity (Lew et al., 2002; Vidotto et al., 
2006). Furthermore, herds infected for long periods by A. marginale 
showed a high genetic diversity of this rickettsia (de la Fuente et al., 
2007). 

The strain α-β-β-Г found in animals from farm 2 was also reported 
by Pohl et al. (2013) in southern Minas Gerais. The authors suggested 
the possibility of transplacental transmission for this strain because it 
was found in a one-day-old calf. In São Paulo, dairy cattle found 

Table 1 
Positivity of calves to A. marginale in farms in the Northwest of Minas Gerais, 
Brazil, with a history of acute and chronic anaplasmosis.  

Municipality Farm gene msp5 Blood smear History of 
anaplasmosis  

Farm 
1 

54.00% (54/ 
100) 

38 % (38/ 
100) 

acute and chronic 

Unaí Farm 
2 

90.90% (30/ 
33) 

54,54 % 
(18/33) 

chronic  

Farm 
3 

78.78 % (26/ 
33) 

51,51 % 
(17/33) 

chronic 

Cabeceira 
Grande 

Farm 
4 

42.53 % (57/ 
134) 

2761 %(37/ 
134) 

acute and chronic  
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infected with the same strain had rickettsia levels of 1.21 × 105 
(Machado et al., 2015), while infected buffaloes showed higher degrees 
of parasitemia (3.23 × 1010) in Rio de Janeiro by (Silva et al., 2014) 
showed a high transmission capacity for the α-β- β-Г strain in water 
buffaloes in Brazil. 

The strain 13− 27-27 found on farms 1 and 2 was also described by 
Pohl et al. (2013) in calves from the southern Minas Gerais and by 
Ybanez et al. (2013) in the Philippines. Furthermore, the strain τ-27− 18 
found in dairy cattle from farm 2 has also been described by Ramos et al. 
(2019) in Nellore cattle in Mato Grosso do Sul. 

Despite the high similarity observed with other sequences deposited 
in GenBank, some isolates were found only in northwestern Minas 
Gerais, while others showed similarity to isolates from Colombia and 
South Africa. The strain αβFFF, associated with acute (Am MG 36, Am 
MG 44, Am MG 53, Am MG 69, Am MG 71, and Am MG 81) and chronic 
(Am MG 50, Am MG 59, and Am MG 75) clinical cases, formed a single 
“cluster.” It was likely that the asymptomatic animals had recovered 

from acute anaplasmosis through drug intervention and supportive 
therapy on the farm. 

In the present study, we found clinical cases of bovine anaplasmosis 
on farm 4, and of the 13 calves examined, six had clinical symptoms such 
as weight loss, fever, jaundice, and anemia. All sick animals presented 
the α-β-F-F-F strain. We suggest, therefore, that this strain (α-β-F-F-F), 
which caused disease in calves on the farms analyzed in Minas Gerais, is 
a variant of A. marginale, but more studies should be performed to better 
understand the dynamics of this infection. 

Previous studies suggested that a single strain was associated with 
outbreaks of the disease (Aktas and Özübek, 2017; Palmer et al., 2001). 
In the United States, Palmer et al. (2001) found only two pathogenic 
strains of A. marginale during an outbreak of anaplasmosis, while other 
animals on the same property remained persistently infected (asymp-
tomatic), showing high diversity. 

Silva et al. (2016) found only the α-β3-Γ strain of A. marginale caused 
acute anaplasmosis and high mortality in dairy herd calves on a farm 

Table 2 
Isolates of A. marginale found in calves in the northwest region of Minas Gerais, Brazil.  

Farm /Animal (GenBank acess) Structure of tandem repetitions of msp1α Genotype m* n** Distance SD-ATG Disease stage 

Farm 1       
Am MG 125(MT498429) 80 FFFF E 2 7 23 Asymptomatic 
Am MG 128(MT498430) α 22 13 18 E 2 7 23 Asymptomatic 
Am MG 129(MT498431) α 22 13 13 E 2 7 23 Asymptomatic 
Am MG 130(MT498432) α 22 13 18 E 2 7 23 Asymptomatic 
Am MG 131(MT498433) 13 27 27 E 2 7 23 Asymptomatic 
Am MG 152(MT498434) α 22 13 18 E 2 7 23 Asymptomatic 
Farm 2       
Am MG 87 (MT498423) τ 27 18 E 2 7 23 Asymptomatic 
Am MG 88 (MT498424) τ 27 18 E 2 7 23 Asymptomatic 
Am MG 90 (MT498425) τ 27 18 E 2 7 23 Asymptomatic 
Am MG 85 (MT498422) 13 27 27 E 2 7 23 Asymptomatic 
Am MG 96 (MT498428) 13 27 27 E 2 7 23 Asymptomatic 
Am MG 91 (MT498426) αββГ E 2 7 23 Asymptomatic 
Am MG 95 (MT498427) 80 F F F F E 2 7 23 Asymptomatic 
Farm 3       
Am MG 249(MT498438) 42 25 25 31 E 2 7 23 Asymptomatic 
Am MG 252(MT498439) Q Q Q M E 2 7 23 Asymptomatic 
Am MG 253(MT498440) B Q B Q B M G 3 5 23 Asymptomatic 
Am MG 254(MT498441) 16 17 F F E 2 7 23 Asymptomatic 
Farm 4       
Am MG 36 (MT498413) αβFFF E 2 7 23 Acute 
Am MG44(MT498414) αβFFF E 2 7 23 Acute 
Am MG 53 (MT498416) αβFFF E 2 7 23 Acute 
Am MG 69 (MT498418) αβFFF E 2 7 23 Acute 
Am MG 71 (MT498419) αβFFF E 2 7 23 Acute 
Am MG 81 (MT498421) αβFFF E 2 7 23 Acute 
Am MG 50 (MT498415) αβFFF E 2 7 23 Asymptomatic 
Am MG 59 (MT498417) αβFFF E 2 7 23 Asymptomatic 
Am MG 75 (MT498420) αβFFF E 2 7 23 Asymptomatic 
Am MG 27 (MT498412) MφφφφF C 2 5 19 Asymptomatic 
Am MG 26 (MT498435) αββ BRA1 31 E 2 7 23 Asymptomatic 
Am MG 64 (MT498436) αββ BRA1 31 E 2 7 23 Asymptomatic 
Am MG 76 (MT498437) αββ BRA 1 31 E 2 7 23 Asymptomatic 

m* number of repeats of the nucleotide sequence G/ATTT. 
n** number of repeats of the nucleotide sequence GT. 

Fig. 1. New sequence of MSP1α (named BRA 1) of the A. marginale found in calves from the Northwest of Minas Gerais, Brazil. The one-letter code is used to name 
the different amino acids of the tandem repeats. Asterisks indicate identical amino acids. The new MSP1a tandem repeats BRA1 were named in accordance with the 
system proposed by de la Fuente et al. (2007) and updated by Cabezas-Cruz et al. (2013). Tandem repeat sequence α is used as a model for comparison. 
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located in the state of São Paulo. Aktas and Özübek (2017) detected the 
Tr1 73 strain associated with acute clinical disease in lactating cows in 
Turkey, experiencing hyperthermia (39–41.5 ◦C), anemia, and weight 
loss. The animals showed pale mucous membranes, jaundice, anorexia, 
rapid breathing, and constipation. 

Almazán et al. (2008), however, detected ten strains during 
anaplasmosis outbreaks in Tamaulipas, Mexico, suggesting stochastic 
biological transmission of A. marginale strains in a cattle herd during 
acute anaplasmosis outbreaks in endemic areas. 

5. Conclusion 

A high genetic diversity of A. marginale was found in calves from 
dairy farms in the northwest of Minas Gerais, Brazil, with ten new strains 
being described (α-β-F-F-F, α-β-β-BRA1− 31, α-22− 13-13, 80-F-F-F-F, 
α-22− 13-18, M-φ-φ-φ-φ-F, 42− 25-25− 31, Q-Q-Q-M, B-Q-B-Q-B-M, 
16− 17-F-F) and the E genotype predominating. The α-β-F-F-F strain was 
identified in calves with acute illness, including the clinical symptoms of 
fever, weight loss, pale mucous and jaundice, and we suggest that this 
strain has important pathogenicity for calves in northeastern Minas 
Gerais. 
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Fig. 2. Dendrogram showing the relationship of the strains in the present study with nucleotide sequences from A. marginale from different geographical locations 
based on the msp1α sequences deposited in Genbak. 

M. Bahia et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.ttbdis.2020.101552
https://doi.org/10.1016/j.ttbdis.2020.101552


Ticks and Tick-borne Diseases 12 (2021) 101552

6

References 
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