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Introduction: The BoLA-DRB3 gene in cattle is associated with tolerance to several 
infectious diseases, such as neosporosis, dermatophilosis, leukosis, and mastitis.

Methods: This study used PCR-SBT and BoLA-DRB3 gene sequencing to determine 
the association between the presence or absence of Anaplasma marginale, 
Babesia bovis, and Babesia bigemina infections in 208 Crioulo Lageano cattle and 
alleles present in the population. The chi-square test and odds ratio analysis were 
employed to establish the association.

Results: Of the BoLA-DRB3 gene alleles present in the population, two alleles were 
significantly associated with resistance to A. marginale infections: BoLA-DRB3001:01 
(p  <  0.001; OR  =  0.224), which had a frequency of 7.93%, and BoLA-DRB3024:06  
(p  =  0.007; OR  <  0.00001), which had a frequency of 0.72%. Regarding B. bovis 
infection, the BoLA-DRB3*011:01 allele (p  =  0.002; OR  =  0.271) had a frequency of 
6% in the population and was associated with resistance to the infection. None of the 
alleles was associated with resistance to infection by B. bigemina.

Discussion: The Crioulo Lageano breed has alleles that may confer resistance 
against infection by A. marginale and B. bovis.
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1. Introduction

Locally adapted cattle breeds are crucial for sustainability and food security. Their genetic 
diversity is especially important in light of environmental challenges like climate change, as it can 
help improve production characteristics and meet consumer demands (1). Additionally, thanks 
to such genetic variability, these breeds offer greater resistance to various infectious diseases (2).
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Anaplasmosis, caused by Anaplasma marginale, is among the most 
prevalent diseases in cattle and causes enormous economic losses due 
to the high morbidity and mortality and costs of its control (3). 
Similarly, babesiosis, caused by Babesia sp., leads to high morbidity and 
mortality when clinically manifested, as well as loss of productive 
efficiency, generating great economic losses (4). It is estimated that in 
Brazil these two diseases caused by Rhipicephalus microplus (Canestrini, 
1888) ticks causes losses of around 3.24 million dollars (5).

The high costs of treatments and the loss of animals affected by 
anaplasmosis and babesiosis require new alternatives to control these 
diseases, and one of the most promising alternatives is the selection of 
animals with genotypes of resistance to clinical diseases (6, 7). These 
animals are important sources of genetic material for the improvement 
of herds susceptible to hemoparasites. In this regard, several studies 
have proven the importance of the BoLA-DRB3 gene with resistance 
to various infectious diseases (8–10).

The major histocompatibility complex (MHC) is characterized 
by an intimate relationship between genes that play a role in 
resistance/susceptibility to infectious diseases, in addition to acting 
on the innate and adaptive immune response (11). In cattle, MHC 
(BoLA – bovine leukocyte antigen) is located on chromosome 23 (12) 
and its genes are grouped into three classes, I, II, and III, according 
to their function (13). Class II genes are the most studied and are 
divided into two separate regions of the chromosome. These two 
parts are known as IIa and IIb (12, 14).

Class IIa has two sub-regions, one composed of the DQ family 
genes (DQA and DQB) and the other of the DR family genes (DRA 
and DRB) (15). At least three genes of the DRB family are described 
in the bovine species: DRB1, which is considered a pseudogene; 
DRB2, which is little expressed; and DRB3, which is described as 
highly expressed and polymorphic (16) and associated with tolerance 
to several diseases, such as neosporosis (17), dermatophilosis (18), 
leukosis (19, 20), and mastitis (21).

The Crioulo Lageano breed has already accumulated almost five 
centuries of natural selection and presents characteristics related to 
resistance to diseases and parasites (22). The challenge of extreme 
climate conditions during the rigorous winters of the South region of 
Brazil, the lack of food, predators, and abandonment in vast rural 
areas are believed to have contributed to the formation of a breed 
adapted to the environmental conditions of regions of altitude and 
the subtropical climate (23).

Thus, the presence of resistance alleles to babesiosis and 
anaplasmosis in locally adapted breeds, such as the Crioulo Lageano 
breed, associated with the productive potential, demonstrates their 
importance as a source of genetic material for other herds. Thus, if the 
resistance of animals to hemoparasites can be  increased, reducing 
treatment costs, loss of animals, and the presence of drug residues in 
products of animal origin, ensuring sustainable production from locally 
adapted breeds. For this reason, the aim of this work was to determine 
resistance BoLA-DRB3 alelles for anaplasmosis and babesiosis infections.

2. Materials and methods

2.1. Animals and sample acquisition

A total of 208 DNA samples from Crioulo Lageano cattle, 
including young and adult animals, males and females, from all 

available categories (bulls, cows, calves, and heifers), from in situ 
breeding properties, all located in the mountainous region of Santa 
Catarina, South Brazil, with animals exposed to the same climatic and 
pasture conditions were used. This breed originated from Bos taurus 
lineages have high meat quality and is very rustic with great 
adaptability to hostily conditions (24).

Blood samples from which DNA was extracted were collected for 
a previous study approved by CETEA Protocol No. 2461171115.

2.2. Physical examination

A physical examination was performed to verify clinical signs 
compatible with clinical diseases. Heart rate (HR), respiratory rate 
(RR), ruminal movements (RM), rectal temperature, and mucosal 
color were measured.

2.3. Molecular analysis

First a single multiplex-PCR techniques were used to amplify 
DNA from A. marginale, B. bovis, and B. bigemina. This reaction 
included for A. marginale, a set of primers based on the MSP5 gene 
(MSP5 F: 5’-CGC AGA TCT AGC AAA ATC GGC GAG AGG TTT 
ACC ACT TC-3’e MSP5 R: 5’-GCG CTG CAG TGG CGC AAA ATG 
CCC GAC ATA CC -3′), whereas for B. bovis and B. bigemina were 
those described by Figueroa et al. (25) (BoF: 5 -CAC GAG GAA GGA 
ACT ACC GAT GTT GA-3 and BoR: 5 - CCA AGG AGC TTC AAC 
GTA CGA GGT CA-3, for B. bovis and BiIA: 5’-CAT CTA ATT TCT 
CTC CAT ACC CCT CC-3′ e BiIB: 5’-CCT CGG CTT CAA CTC 
TGA TGC CAA AG −3′). Then a second nested-PCR (n-PCR) was 
performed for B. bovis and B. bigemina according to Figueroa et al. 
(25) BoFN 5 - TCA ACA AGG TAC TCT ATA TGG CTA CC-3 e 
BoRN 5 -CTA CCG AGC AGA ACC TTC TTC ACC AT-3 for B. bovis 
and (BiIAN: 5’-CGC AAG CCC AGC ACG CCC CGG TGC-3′ e 
BiIBN: 5’-CCG ACC TGG ATA GGC TGT GTG ATG-3′). The 
Multiplex-PCR reaction was performed in a final volume of 25 μL of 
solution with 1 U of Taq Polymerase enzyme GoTaq™ Hot Start 
Polymerase (Promega, WI, United States), 8.5 pmoles of each primer 
for each agent, 0.2 mM nucleotides (dNTPs), 3.5 mM magnesium 
chloride, 5 μL 5X Green GoTaq™ Flexi Buffer (Promega, WI, USA), 
and 3 μL of DNA (concentration between 20 and 100 ng/μL). Positive 
controls, using DNA samples donated by Empresa Brasileira de 
Pesquisa Agropecuária (Embrapa) from experimentally infected 
animals for each agent and negative controls (that uses water instead 
of DNA), were used for each reaction.

The temperature conditions applied in the thermocycler 
(BIOCYCLER™, USA) for the two reactions involved initial 
denaturation at 95°C for 2 min, followed by 30 cycles of 94°C for 
1 min, 54.2°C for 1 min, and 73°C for 1 min, and also a final extension 
at 73°C for 7 min.

The electrophoresis of amplification products was carried out in a 
horizontal tank, on a 2% agarose gel added with Unisafe Dye 20,000x 
(Uniscience, United States). A 100-bp molecular weight marker was 
used as a standard to determine the size of the sample bands. The 
electrical source conditions were 140 V and 400 mA for 1 h, with 
visualization by exposure to ultraviolet light. Bands with a size close 
to 458 bp for A. marginale, 350 bp for B. bovis, and 278 bp for 
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B. bigemina were considered positive in the first reaction, and bands 
with a size of approximately 290 bp for B. bovis and 170 bp for 
B. bigemina were considered positive in the second reaction (Table 1).

2.4. BoLA-DRB-3.2 gene genotyping

Amplification of the BoLA-DRB3 gene second exon was 
performed through single-step PCR, with primers HLO30 (5′-ATC 
CTC TCT CTG CAG CAC ATT TCC-3′) and HLO32 (5′-TCG CCG 
CTG CAC AGT GAA ACT CTC-3′) (26, 27).

The reaction conditions consisted of initial denaturation at 95°C 
for 5 min, followed by 35 cycles of 95°C for 1 min, 65°C for 1 min, and 
72°C for 1 min, and a final extension at 72°C for 10 min. The 
electrophoresis of amplification products was carried out on a 1.5% 
agarose gel added with Unisafe Dye 20,000x (Uniscience, 
United  States). A 100 bp molecular weight marker was used as a 
standard to determine the size of the sample bands. The electrical 
source conditions were 100 V and 400 mA for 40 min and visualization 
by exposure to ultraviolet light. The obtained fragment had a size of 
284 bp from exon 2 of the BoLA-DRB3 gene. The products of this PCR 
reaction were then sent to a specialized company (ACTGene – Rio 
Grande do Sul, Brasil) for sequencing by Sanger method, for the exact 
identification of alleles. Raw sequence data were analyzed using 
Assign 400ATF ver. 1.0.2.41 software (Conexio Genomics, Fremantle, 
Australia) as described by Takeshima et al. (28), and using a database 
of all BoLA-DRB3 alleles described so far in the IPD-MHC.1 Using 
this information, the software identify the genotype that explain the 
multiple polymorphic sites within the BoLA-DRB3 second exon.

2.5. Statistical analysis

Allele frequency and number of alleles for BoLA-DRB3 gene was 
obtained by direct counting. For association analysis, animals were 
grouped in positive and negative for each pathogen, considering that 
all animals were equaly exposed. Then, the association between each 
allele with the infection by each pathogen was determined using the 
chi-square test (p < 0.05), followed by the odds ratio analysis, with 
SigmaPlot12 software (SigmaPlot version 12.0 for Windows, Systat 
Software Inc., San Jose, CA, United States). Alleles with OR < 1 are 
considered resistance alleles and those with OR > 1 are considered 
susceptibility alleles.

3. Results

The clinical examination of the samples showed that no Crioulo 
Lageano animal had clinical signs compatible with anaplasmosis or 
babesiosis. Table 2 shows the proportions of occurrence of infections 
for the 208 Crioulo Lageano animals based on the molecular diagnosis 
performed for the agents A. marginale, B. bovis, and B. bigemina.

The association analysis results based on the chi-square test and 
the odds ratio were summarized in Table 3. These analysis showed that 

1 https://www.ebi.ac.uk/ipd/mhc/

among the alleles of the BoLA-DRB3 gene found in the population, 
BoLA-DRB3*001:01 (p < 0.001; OR = 0.224), with a frequency of 7.93% 
in the population, and BoLA-DRB3*024:06 (p = 0.007; OR < 0.00001), 
with a frequency of 0.72%, are significantly associated with resistance 
to A. marginale infection in the Crioulo Lageano breed.

The BoLA-DRB3*011:01 allele (p = 0.002; OR = 0.271), with a 
frequency of 6% in the population, is associated with resistance to 
B. bovis infection. None of the alleles was associated with resistance or 
susceptibility to infection by B. bigemina.

4. Discussion

This is the first work on the association of BoLA-DRB3 alleles with 
infection by A. marginale, B. bovis, and B. bigemina in cattle in Brazil, 
as well as in the Crioulo Lageano breed.

In Creole cattle breeds, association studies between BoLA-DRB3 
alleles and infectious deaseases were only carried out in the Hartón 
del Valle breed from Colombia using the PCR-SBT method, reporting 
a possible resistance alleles to leukosis (29, 30).

In the state of Santa Catarina, the highlands region has already 
been classified as being of enzootic instability for anaplasmosis, with 
a prevalence of 27.24% of positive samples in the general herd (31), 
including the occurrence of an outbreak of the disease in this region 
(32). The prevalence obtained in breeding properties of the Crioulo 
Lageano breed was 79.74% and the enzootic instability was not 
confirmed (33).

Variations in the prevalence of the disease may be associated with 
the time of sample collection, as the period in which the blood 
collections were carried out in this study, between summer and 
autumn, presents a higher hatching of tick larvae and, consequently, 
more parasitized cattle (34), favoring infection by A. marginale, 
B. bovis and B. bigemina. For the present study, the proportion of 
animals infected with A. marginale was 79.3%, with no animal 
showing clinical signs of the disease (Table 2).

The absence of regular control of vectors and the extensive rearing 
of animals favors constant contact with hemoparasites, reinforcing 
their immunity against the causative agent of the clinical disease, 
which would not necessarily be linked to the presence of certain alleles 
of the BoLA-DRB3 gene in the population since none of the sampled 
animals showed clinical signs.

Purebred B. taurus animals are more susceptible to clinical 
disease caused by A. marginale compared to animals derived from 
crosses between B. taurus and B. indicus and purebred B. indicus 
animals (35). This fact was not confirmed for Crioulo Lageano 
cattle, belonging to the B. taurus lineage. In addition to greater 

TABLE 1 Sizes of bands in agarose gel 2% for each agent in first and 
second PCR reactions.

Size of 
bands on 
2% agarose 
gel

Agent

Anaplasma 
marginale

Bebisia 
bovis

Bebisia 
bigemina

First Mulptiplex-

PCR reaction
458pb 350pb 278pb

Nested-PCR 

reaction
- 290pb 170pb
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genetic diversity when compared to commercial breeds, native 
breeds are adapted to the specific environmental conditions of their 
region after than more than five centuries of natural selection and, 
in general, there are reports of great resistance to local pathogens 
(22). In Argentina, Argentine Creole cattle, also Bos taurus, 
demonstrated phenotypic resistance to Riphicephalus (Boophilus) 
microplus tick infestation in experimental infection (36). Tick 
resistance may also be  a factor that can influence resistance 
to hemoparasites.

Regarding babesiosis, the data obtained for the state of Santa 
Catarina indicated that the prevalence of B. bovis in the general 
herd is 29.57%, while B. bigemina presented a prevalence of 
16.73% (31). The occurrence obtained for these agents in this 
study was much higher for the Crioulo Lageano breed (69.2% for 
B. bovis and 61% for B. bigemina) but none of the animals showed 
clinical signs of the diseases. Despite the use of the same 
methodology of this study, this difference may have been due to 
the heterogeneity of the herd analyzed in the work by Vieira et al. 
(31), which, when analyzing the general herd in the state, obtained 
samples of B. taurus and B. indicus animals. Furthermore, this 
variation may also be  associated with the time of sample 
collection, since between summer and autumn, the period in 
which blood samples were collected for this study, there is a 

greater hatching of tick larvae and, consequently, more parasitized 
cattle (34).

Importantly, not all the genes involved in the expression of 
resistance to babesiosis are known, but it is known that it is a 
hereditary characteristic (37) and that B. taurus indicus animals 
tend to be  more resistant to babesiosis and their vectors than 
B. taurus taurus animals (38, 39). However, Crioulo Lageano 
animals, even those belonging to the B. taurus taurus lineage, do 
not develop the clinical disease although a large number of animals 
carry the agent.

In terms of possible genetic resistance to these diseases, the BoLA-
DRB3*011:01 allele is frequently found in Creole breeds and has 
already been associated with resistance to B. bigemina infection (40), 
which was not confirmed in the Crioulo Lageano breed although it is 
an allele with high frequency in the population. The difference in the 
methodology used to identify the alleles, as well as the proportion of 
infected animals in this study, may justify the association or not of the 
allele with the disease.

Duangjinda et al. (26) identified the following resistance alleles 
after genotyping by the PCR-RFLP method: the *14 and *41 alleles for 
A. marginale; the *14 allele for B. bovis; and the *10 and *51 alleles for 
B. bigemina. We reiterate the fact that PCR-RFLP has lower precision 
than the PCR-SBT method and some patterns found may not 

TABLE 2 Absolute and relative proportion of Crioulo Lageano animals positive and negative for the agents Anaplasma marginale, Babesia bovis, and 
Babesia bigemina.

Anaplasma marginale Babesia bovis Babesia bigemina

Proportion Positive Negative Positive Negative Positive Negative

Absolute 165 43 144 64 127 81

Relative 79.3% 20.7% 69.2% 30.8% 61.0% 39.0%

TABLE 3 Chi-square (Χ2) and Odds ratio analysis between BoLA-DRB3 alleles and presence/absence of the agents Anaplasma marginale, Babesia bovis, 
and Babesia bigemina, to determine resistance/susceptibility alleles for each agent in the Crioulo Lageano cattle.

BoLA-DRB3 
allele

Anaplasma marginale Babesia bovis Babesia bigemina

Χ2 (value of p) Odds ratio Χ2 (value of p) Odds ratio Χ2 (value of p) Odds ratio

DRB3*1801 0.152 (0.697) 1.269 3.739 (0.053) 0.513 0.017 (0.895) 0.991

DRB3*2801 0.477 (0.490) 0.705 0.088 (0.766) 0.841 0.889 (0.346) 0.684

DRB3*2201 0.325 (0.569) 1.432 0.653 (0.419) 1.480 3.419 (0.064) 2.191

DRB3*0101 12.115 (<0.001) 0.224 2.919 (0.088) 0.502 0.017 (0.896) 0.980

DRB3*1101 0.460 (0.498) 0.651 9.259 (0.002) 0.271 1.368 (0.242) 0.568

DRB3*1501 0.442 (0.506) 1.785 1.435 (0.231) 2.190 0.411 (0.522) 1.489

DRB3*5702 0.061 (0.804) 0.976 0.016 (0.898) 0.950 0.230 (0.632) 1.390

DRB3*0501 0.156 (0.693) 0.724 0.120 (0.729) 1.324 0.461 (0.497) 0.681

DRB3*1601 0.007 (0.930) 0.825 0.906 (0.341) 1.945 0.369 (0.544) 0.688

DRB3*0201 1.474 (0.225) 0.460 0.862 (0.353) 2.129 0.003 (0.951) 0.907

DRB3*0701 3.125 (0.077) - 1.792 (0.181) 3.219 0.019 (0.888) 0.813

DRB3*4401 3.125 (0.077) - 0.618 (0.432) 1.970 0.128 (0.720) 1.403

DRB3*2601 1.081 (0.298) 3.766 0.004 (0.948) 1.231 0.033 (0.854) 0.955

DRB3*1701 1.792 (0.181) - 0.005 (0.939) 1.190 0.581 (0.446) 0.522

DRB3*2406 7.235 (0.007) <0.00001 0.525 (0.469) 0.220 0.631 (0.427) -

The bold values means that is a significant association.
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correspond exactly to the expected allele. In addition, different BoLA-
DRB3 alleles share the same PCR-RFLP defined variants. For this 
reason, results can not be compared.

An association could be established between the alleles BoLA-
DRB3*001:01 and BoLA-DRB3*024:06 and A. marginale infection in 
the Crioulo Lageano breed. Similarly, the BoLA-DRB3*011:01 allele 
was associated with resistance to B. bovis infection. None of the 
alleles was associated with resistance to infection by the agent 
B. bigemina. The BoLA-DRB3*001:01 allele has been associated with 
mastitis resistance in Holstein cattle (41), while the BoLA-
DRB3*011:01 allele has been associated with resistance to B. bigemina 
and also to resistance to bovine leukosis in the Hartón del Valle breed 
(29, 40), in addition to being associated with resistance to mastitis 
(41). The BoLA-DRB3*024:06 allele has previously been described in 
African breeds, including Sudanese breeds (42) but has not yet been 
associated with any type of disease.

Research has shown that Crioulo Lageano cattle are more resistant 
to botflies and ticks than Aberdeen Angus cattle (43). These findings 
suggest that factors beyond genetics play a role in determining 
susceptibility to diseases like anaplasmosis and babesiosis. Other 
factors, such as lineage, contact with vectors, and environmental 
adaptation, must also be considered alongside genetics.

In addition to the resistance of animals to the infection itself by 
the agents of anaplasmosis and babesiosis, resistance to the disease 
vector may also be occurring. BoLA-DRB3 alleles have already been 
associated with resistance to the tick Rhipicephalus (Boophilus) 
microplus (44), which would directly influence the acquisition of the 
infection by the animals.

Data referring to resistance alleles can help animal breeding 
programs. However, regarding the hemoparasites explored in this 
study, it is important to maintain susceptible individuals in herds to 
keep the stability of agents in the population and the heterozygosity of 
individuals, which is essential to increase the immune response to 
different types of infection.

5. Conclusion

The presence of alleles associated with resistance to A. marginale 
and B. bovis in Crioulo Lageano cattle highlights the importance of 
maintaining herd variability and heterozygosity. Further research 
should investigate the relationship between genetic findings and 
environmental and management factors that contribute to resistance 
to infectious disease in Crioulo Lageano animals.
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