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APRESENTAÇÃO

As Ciências Agrárias são um campo de estudo multidisciplinar por excelência, e 

um dos mais profícuos em termos de pesquisas e aprimoramento técnico.  A demanda 

mundial por alimentos e a crescente degradação ambiental impulsionam a busca 

constante por soluções sustentáveis de produção e por medidas visando à preservação 

e recuperação dos recursos naturais. 

A obra Agrárias: Pesquisa e Inovação nas Ciências que Alimentam o Mundo 

compila pesquisas atuais e extremamente relevantes, apresentadas em linguagem 

científica de fácil entendimento. Na coletânea, o leitor encontrará textos que tratam dos 

sistemas produtivos em seus diversos aspectos, além de estudos que exploram diferentes 

perspectivas ou abordagens sobre a planta, o meio ambiente, o animal, o homem e a 

sociedade no ambiente rural.

É uma obra que fornece dados, informações e resultados de pesquisas tanto para 

pesquisadores e atuantes nas diversas áreas das Ciências Agrárias, como para o leitor 

que tenha a curiosidade de entender e expandir seus conhecimentos.

Este Volume IX traz 16 trabalhos de estudiosos de diversos países, divididos em 

dois eixos temáticos: Eficiência e tecnologia na produção agrícola e Meio ambiente e 

produtividade agrícola.

Desejo a todos uma proveitosa leitura!

Eduardo Eugênio Spers



SUMÁRIOSUMÁRIO

SUMÁRIO

EFICIÊNCIA E TECNOLOGIA NA PRODUÇÃO AGRÍCOLA

CAPÍTULO 1 .......................................................................................................................................1

USO EFICIENTE DA ÁGUA DE REGA EM OLIVAIS DE ELEVADA DENSIDADE: UMA 

VISÃO GERAL

Alexandra Tomaz

Justino Sobreiro

Manuel Patanita

Maria Isabel Patanita

       https://doi.org/10.37572/EdArt_2602237981

CAPÍTULO 2 ................................................................................................................................... 13

LOGICIELS POUR LA GESTION DE PLANTATIONS FORESTIÈRES 

Edilson Batista de Oliveira

       https://doi.org/10.37572/EdArt_2602237982

CAPÍTULO 3 ...................................................................................................................................42

DEVELOPMENT AND TEST OF A LOW-COST TUNNEL SPRAYER FOR VINEYARDS

Antonio Odair Santos

Cláudio Alves Moreira

Antônio Carlos Loureiro Lino

https://doi.org/10.37572/EdArt_2602237983

CAPÍTULO 4 ...................................................................................................................................57

CARACTERÍSTICAS PRODUCTIVAS Y SOCIOECONÓMICAS DE LA PRODUCCIÓN 

DE MAÍZ EN UNIDADES DE PRODUCCIÓN FAMIIAR DE OAXACA, MÉXICO

Rafael Rodríguez Hernández

Pedro Cadena Iñiguez

https://doi.org/10.37572/EdArt_2602237984

CAPÍTULO 5 .................................................................................................................................. 69

EFECTO DEL AGROPLASMA EN EL CRECIMIENTO Y RENDIMIENTO DE LA KIWICHA, 

AMARANTHUS CAUDATUS VAR. OSCAR BLANCO

Roger Veneros-Terrones

Claudia Díaz-Fernández



SUMÁRIOSUMÁRIO

Lisi Cerna-Rebaza

Luis Felipe Gonzales-Llontop

Vito Quilcat-León

Julio Chico- Ruiz

https://doi.org/10.37572/EdArt_2602237985

CAPÍTULO 6 .................................................................................................................................. 84

ESTUDIO DE INFECCIÓN DE CALIGUS ROGERCRESSEYI EN SALMÓNIDOS DE 

CULTIVO POR MEDIO DE TÉCNICAS DE MACHINE LEARNING

Patricio R. de los Ríos-Escalante

Juan Barile

Eriko Carreño

https://doi.org/10.37572/EdArt_2602237986

CAPÍTULO 7 .................................................................................................................................. 93

DESARROLLO DE UN LENGUAJE DE INTERCOMUNICACIÓN PARA LA INTEGRACIÓN 

COLABORATIVA ENTRE DISPOSITIVOS HARDWARE HETEROGÉNEOS Y 

COMPONENTES SOFTWARE EN EL DOMINIO DE LA GANADERÍA DE PRECISIÓN 

EN MONOGÁSTRICOS

Vicente López Sacanell

Jesús Pomar Gomá

https://doi.org/10.37572/EdArt_2602237987

MEIO AMBIENTE E PRODUTIVIDADE AGRÍCOLA

CAPÍTULO 8 ................................................................................................................................. 101

DESARROLLO DE UN MÉTODO CROMATOGRÁFICO COMO ENSAYO DE IDENTIDAD 

PARA EL CONTROL DE CALIDAD DE UN REMEDIO HERBOLARIO

Guadalupe Yáñez Ibarra

Gabriela Victoria Ruiz Castillo

Ana María Hanan Alipi

Roberto Hernandéz Villarreal

Gabriela Ávila Villarreal

https://doi.org/10.37572/EdArt_2602237988



SUMÁRIOSUMÁRIO

CAPÍTULO 9 ..................................................................................................................................112

PRESENCIA DEL SUGARCANE YELLOW LEAF VIRUS EN Saccharum SPP. EN MÉXICO 

Y FILOGENIA DE UN AISLADO DE COLIMA

Manuel de Jesús Bermúdez Guzmán 

María Inés Barbosa Villa

Karina de la Paz García Mariscal

Claudia Yared Michel López

https://doi.org/10.37572/EdArt_2602237989

CAPÍTULO 10 ...............................................................................................................................127

CHARACTERIZATION OF PHENOLOGICAL STAGES AND GRAPE QUALITY OF 

NINETEEN PORTUGUESE GRAPEVINE VARIETIES PRESENT IN THE DOURO REGION

Ivo Fartouce
Joana Amaral Pinto 
Paula Cristina Oliveira 

Elza Amaral

Rosa Matias
João Paulo Moura 

Aureliano Malheiro

Ana Alexandra Oliveira

https://doi.org/10.37572/EdArt_26022379810

CAPÍTULO 11 ............................................................................................................................... 146

INFLUENCIA DE LAS BRISAS DE TIERRA Y MAR SOBRE EL MICROCLIMA DE LA 

CANOPIA

Gerardo Echeverría Grotiuz

Nicolás Demetriuk

https://doi.org/10.37572/EdArt_26022379811

CAPÍTULO 12 ............................................................................................................................... 161

CAPTURA DE CARBONO EN EL SUELO CON PRÁCTICAS DE MANEJO AGRONOMICO 

EN MAÍZ PARA GRANO DE TEMPORAL

Hugo Ernesto Flores-López

Gloria Vidrio-Llamas

Irma Julieta González-Acuña

Celia de la Mora-Orozco

Humberto Ramírez-Vega

https://doi.org/10.37572/EdArt_26022379812



SUMÁRIOSUMÁRIO

CAPÍTULO 13 .............................................................................................................................. 169

RECURSOS GENÉTICOS DEL MAÍZ DESPOJO Y RESISTENCIA

Yolanda Cristina Massieu Trigo

https://doi.org/10.37572/EdArt_26022379813

CAPÍTULO 14 ...............................................................................................................................179

INSUMOS AGROECOLÓGICOS PARA MANEJO DEL AMARILLAMIENTO EN NARANJA 

VALENCIA TARDÍA (Citrus sinensis L. Osbeck) EN VERACRUZ, MÉXICO

Manuel Ángel Gómez Cruz 

Laura Gómez Tovar 

María de los Ángeles Hernández-Andrade 

Asunción Gálvez-Mendoza

Luis Enrique Ortiz-Martínez

https://doi.org/10.37572/EdArt_26022379814

CAPÍTULO 15 ...............................................................................................................................185

ANTIOXIDANTES IN VITRO: EFECTOS SOBRE VIABILIDAD ESPERMÁTICA EN 

TRUCHA ARCOÍRIS (Oncorhynchus mykiss, Walbaum, 1792)

Eliana Ibáñez-Arancibia

Iván Valdebenito Isler

Jorge G. Farías

https://doi.org/10.37572/EdArt_26022379815

CAPÍTULO 16 .............................................................................................................................. 196

USE OF A PCR-RFLP MOLECULAR TEST FOR THE DIFFERENTIATION OF Babesia 

bovis AND Babesia bigemina IN THE DIAGNOSIS OF BOVINE BABESIOSIS

José Juan Lira Amaya 

Diego Jesús Polanco Martínez 

Rebeca Montserrat Santamaría Espinosa 

Grecia Martínez García 

Carmen Rojas Martínez

Jesús Antonio Álvarez Martínez

Julio Vicente Figueroa Millán

https://doi.org/10.37572/EdArt_26022379816

SOBRE O ORGANIZADOR ......................................................................................................208

ÍNDICE REMISSIVO ..................................................................................................................209



Agrárias: Pesquisa e Inovação nas Ciências que Alimentam o Mundo IX Capítulo 16 196

CAPÍTULO 16

USE OF A PCR-RFLP MOLECULAR TEST FOR THE 
DIFFERENTIATION OF Babesia bovis AND Babesia bigemina 

IN THE DIAGNOSIS OF BOVINE BABESIOSIS

 
Data de submissão: 20/12/2022

Data de aceite: 05/01/2023

José Juan Lira Amaya 
Centro Nacional de Investigación 

Disciplinaria en Salud Animal e 
Inocuidad INIFAP

Jiutepec, Morelos, México
 ORCID: 0000-0003-4909-8769

Diego Jesús Polanco Martínez 
Centro Nacional de Investigación 

Disciplinaria en Salud Animal e
 Inocuidad, INIFAP

Jiutepec, Morelos, México
ORCID: 0000-0002-9239-5788

Rebeca Montserrat Santamaría Espinosa 
Centro Nacional de Investigación

Disciplinaria en Salud Animal e 
Inocuidad, INIFAP

 Jiutepec, Morelos, México
 ORCID: 0000-0002-1153-6455

Grecia Martínez García 
Centro Nacional de Investigación 

Disciplinaria en Salud Animal e 
Inocuidad, INIFAP

Jiutepec, Morelos, México
 ORCID: 0000-0002-5795-5567

 

Carmen Rojas Martínez
Centro Nacional de Investigación 

Disciplinaria en Salud Animal e 
Inocuidad, INIFAP

Jiutepec, Morelos, México
ORCID: 0000-0001-9177-5634

Jesús Antonio Álvarez Martínez
Centro Nacional de Investigación 

Disciplinaria en Salud Animal e 
Inocuidad, INIFAP

Jiutepec, Morelos, México 

Julio Vicente Figueroa Millán1

Centro Nacional de Investigación 
Disciplinaria en Salud Animal e

 Inocuidad, INIFAP
 Jiutepec, Morelos, México

ORCID: 0000-0003-4731-3592 

ABSTRACT: This study aimed to evaluate 
the diagnostic capacity of a PCR test to 
detect Babesia spp, based on genus-specific 
oligonucleotides that amplify a portion of the 
small subunit ribosomal RNA gene (18S rDNA), 
as well as on the species determination by 
digestion of the amplification product with 
restriction enzymes (PCR-RFLP). Babesia spp 
DNA extraction was obtained from infected 
erythrocytes using a commercially available 
kit. DNA amplification was performed with 
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a PCR master mix using as primers oligonucleotides targeting a variable region of the 
18S rDNA gene. The amplified PCR products were digested with the restriction enzymes 
(RE) Hinc II, ScrF I, Msp I, Acu I, Nla III and Box I. The amplified and RE-digested PCR 
products were visualized by electrophoresis on 3% agarose gels. The PCR test allowed 
the amplification of a DNA fragment of ≈ 400 bp. Amplicons digested with RE ScrF I and 
Msp I showed fragments of 250 and 150 bp in samples containing B. bovis DNA, while 
amplicons of samples infected with B. bigemina were not digested. Amplicons digested 
with RE Acu I and Box I showed fragments of 290 and 110 bp in samples infected with B. 
bigemina, while in samples infected with B. bovis the 400 bp amplicon was not digested. 
Therefore, the PCR-RFLP test could be utilized to differentiate the Babesia species that 
infect bovine erythrocytes according to the pattern result obtained after RE digestion. In 
addition, amplicons digested with RE Hinc II, fragments of 330 and 65 bp are produced 
in the samples infected with B. bovis, but not in the amplicons obtained in samples 
infected with B. bigemina. Thus, the PCR-RFLP test targeting the 18S rDNA gene may 
be a useful diagnostic tool to confirm the bovine babesiosis infection status and species 
discrimination in the acute phase of the disease.
KEYWORDS: Babesia bovis, Babesia bigemina, PCR-RFLP.

UTILIZAÇÃO DE UM TESTE MOLECULAR PCR-RFLP PARA A DIFERENCIAÇÃO DE 

Babesia bovis E Babesia bigemina NO DIAGNÓSTICO DE BABESIOSE BOVINA

RESUMO: Este estudo teve como objetivo avaliar a capacidade diagnóstica de um teste 
de PCR para detecção de Babesia spp, baseado em oligonucleotídeos gênero-específicos 
que amplificam uma porção da pequena subunidade do gene do RNA ribossômico (18S 
rDNA), bem como na determinação da espécie por digestão do produto de amplificação 
com enzimas de restrição (PCR-RFLP). A extração de DNA de Babesia spp foi obtida 
de eritrócitos infectados usando um kit comercialmente disponível. A amplificação do 
DNA foi realizada com uma master mix de PCR usando como primers oligonucleotídeos 
direcionados a uma região variável do gene 18S rDNA. Os produtos de PCR amplificados 
foram digeridos com as enzimas de restrição (ER) Hinc II, ScrF I, Msp I, Acu I, Nla III 
e Box I. Os produtos de PCR amplificados e digeridos com ER foram visualizados por 
eletroforese em géis de agarose a 3%. O teste de PCR permitiu a amplificação de um 
fragmento de DNA de ≈ 400 pb. Amplicons digeridos com ER ScrF I e Msp I apresentaram 
fragmentos de 250 e 150 pb em amostras contendo DNA de B. bovis, enquanto amplicons 
de amostras infectadas com B. bigemina não foram digeridos. Os amplicons digeridos 
com ER Acu I e Box I apresentaram fragmentos de 290 e 110 pb nas amostras infectadas 
com B. bigemina, enquanto nas amostras infectadas com B. bovis o amplicon de 400 pb 
não foi digerido. Portanto, o teste de PCR-RFLP poderia ser utilizado para diferenciar 
as espécies de Babesia que infectam eritrócitos bovinos de acordo com o resultado do 
padrão obtido após a digestão de RE. Além disso, amplicons digeridos com ER Hinc II, 
fragmentos de 330 e 65 pb são produzidos nas amostras infectadas com B. bovis, mas 
não nos amplicons obtidos em amostras infectadas com B. bigemina. Assim, o teste de 
PCR-RFLP visando o gene 18S rDNA pode ser uma ferramenta diagnóstica útil para 
confirmar o estado de infecção da babesiose bovina e a discriminação de espécies na 
fase aguda da doença.
PALAVRAS-CHAVE: Babesia bovis. Babesia bigemina. PCR-RFLP.
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1 INTRODUCTION 

Among the diseases that cause the greatest economic losses in livestock in the 

world are those transmitted by ticks and that considerably affect productive species, such 

as cattle. Bovine babesiosis is a disease caused by the intraerythrocytic parasites Babesia 

bovis and Babesia bigemina (Bock et al, 2004). In Mexico, the disease is transmitted by 

the tick Rhipicephalus (Boophilus) microplus and Rhipicephalus (Boophilus) annulatus, 

and is characterized by causing high morbidity and mortality, with the presence of fever, 

hemolytic anemia, hemoglobinuria, jaundice and, frequently, death (Figueroa & Álvarez, 

2003; Bock et al, 2004; Álvarez et al, 2020). In the affected herds there is a temporary 

reduction in reproduction and abortions after the first third of gestation (Morilla González, 

1981; Bock et al, 2004; OIE, 2021).

Cattle farming in Mexico amounts to more than 32 million heads (SIAP, 2022) of 

which 70% are raised in tropical and subtropical regions, regions of high incidence of 

the tick vector (Navarrete, et al., 2002). Diagnosis of the disease can be made by using 

direct and indirect techniques. One of the most widely used indirect methods in Mexico 

is the indirect fluorescence antibody test (IFAT), which is characterized by the detection 

of circulating antibodies in blood and with an apparently high diagnostic sensitivity and 

specificity (≥90%). However, the IFAT has the disadvantage of being subjective and 

not being able to discriminate between the infecting species, given the cross-reaction 

observed in sera from animals where both parasites coexist (OIE, 2021). Direct methods 

include those that directly detect the presence of the pathogen: The most common is the 

preparation of smears and the observation of intraerythrocytic parasites in slides stained 

with Giemsa stain.

In veterinary clinical practice, laboratory tests are required to confirm the 

clinical diagnosis and to differentiate the species of parasites that infect sick animals 

suffering from acute babesiosis due to Babesia bovis or B. bigemina. Currently available 

conventional diagnostic methods, such as microscopic examination of blood smears 

stained with Romanoswski derivatives, have some limitations due to low analytical 

sensitivity (particularly for B. bovis), requirement of a trained microscopist to identify and 

differentiate species involved, and low performance in terms of the number of samples 

analyzed in a workday (Martínez-García et al 2021; Momčilović et al, 2019).

Diagnostic tests based on the Polymerase Chain Reaction (PCR) have high 

analytical sensitivity and specificity and are likely to provide high performance. Molecular 

procedures have been developed that allow detecting, with greater analytical sensitivity, 

the presence of parasites and the species identification species. These include nucleic 

acid probes and the Polymerase Chain Reaction (PCR) test (Figueroa and Álvarez, 2003; 
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Figueroa et al, 1996). In most of these methods, however, one PCR test per species is 

required and sometimes two PCR tests per species if DNA re-amplification is performed 

with the nested PCR method (Martínez et al, 2021; Kumar et al, 2022).

The objective of this work was aimed at evaluating the diagnostic capacity of a 

PCR test for Babesia spp, based on genus-specific oligonucleotides that amplify a portion 

of the ribosomal DNA gene of any Babesia species, as well as on the determination of the 

species by digestion of the amplification product with restriction enzymes (PCR-RFLP).

2 MATERIALS AND METHODS 

In order to fine-tune the PCR-RFLP test, red blood cells infected with B. bovis and 

B. bigemina were obtained from strains established in in vitro culture (Álvarez et al 2020). 

Additionally, whole blood was obtained from animals infected with 9 different B. bovis 

isolates (Genis et al, 2009; Pérez et al, 2010), and 9 different B. bigemina isolates including 

one isolate with mixed infection (Figueroa et al, 2013). In addition, 10 engorged female 

ticks that fed on calves experimentally infected with B. bovis and B. bigemina and positive 

to the tick hemolymph test (Castañeda et al, 2012) were included in the study.

The extraction of the genomic DNA of Babesia spp was carried out by means of the 

column purification procedure using a commercial kit. For the PCR test, we proceeded to 

amplify the variable portion of the gene that codes for the 18S small subunit ribosomal RNA 

(ssrRNA), using the oligonucleotides PIRO-A and PIRO-B (Olmeda et al 1997; Carret et al, 

1999) which can be used to amplify different species of the Piroplasmids Babesia (Carret, 

1999) and Theileria (Kumar et al, 2022). PCR reactions were performed in 0.2 ml PCR tubes, 

with a final volume of 25 µl, to which 12.5 µl of Master mix (Taq polymerase, dNTPs, Magnesium 

Chloride), 5.5 µl of nuclease-free water, 5 µl of purified DNA (containing 100 ng), and 2 µl 

of a mixture of the sense oligonucleotides PIRO-A (5’-AATACCCAATCCTGACACAGGG-3’) 

and anti-sense PIRO-B (5’-TTAAATACGAATGCCCCCAAC-3’) (Carret et al, 1999). The 

amplification reaction was carried out in a thermal cycler, under the following cycling 

protocol: initial denaturation at 94°C for 5 minutes one cycle, followed by 35 cycles of 

denaturation at 94°C for 1 minute, alignment at 55°C for 1 minute, extension at 72°C for 1 

minute, final extension at 72°C for 5 minutes and storage at 4°C until removal of the PCR 

tubes for sample analysis. The product amplified by PCR with the oligonucleotides PIRO-A 

and PIRO-B was digested with the restriction enzymes Hinc II, ScrF I, Msp I, Acu I, Nla III 

and Box I, according to the supplier’s specifications. Based on a bioinformatic analysis 

performed with the ribosomal DNA sequence of each Babesia species, a recognition 

site for each of these enzymes was identified in the variable part of the parasite’s rDNA 

gene. For example, theoretically, the restriction enzyme Box l (recognition sequence 
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5’-GACNN↓NNGTC-3’) would cut only the amplicon corresponding to Babesia bigemina 

ribosomal DNA, while the enzyme Msp l (recognition site 5’ -C↓CGG-3’) would cut only 

the amplicon corresponding to Babesia bovis ribosomal DNA. According to the amount of 

amplified DNA needed for each restriction enzyme digestion, the final reaction volume was 

31 µl, where 10 µl of PCR product, 18 µl of nuclease-free water, 2 µl of 10x tango buffer, 1 

µl of enzyme Hinc II, ScrF I, Msp I, Acu I, Nla III or Box I. Digestion with these enzymes was 

carried out in a water bath at a temperature of 37°C and for 16 hours. PCR products and 

restriction enzyme digestion derivatives were visualized by horizontal electrophoresis on 

2-3% agarose gels in 1X TAE buffer and stained with 1.5 µl of ethidium bromide (10 mg/

ml). Molecular markers of 1 Kb or 100 bp were used to discern and estimate the size of 

amplicons and enzymatic digestion products. For this, 24 µl of reaction were placed in 

each well of the product obtained by PCR and subjected to electrophoresis at 85 volts 

with running buffer (TAE 1X) and the gel was visualized in a transilluminator with ultraviolet 

light. In addition, RE Msp I and Box I were selected and tested in PCR amplicons obtained 

from samples containg B. bovis, B. bigemina and a mixed infection of B. bovis/B. bigemina.

3 RESULTS

In order to implement a confirmatory diagnostic test for bovine babesiosis, a 

procedure consisting of Babesia spp DNA amplification by Polymerase Chain Reaction 

(PCR) and restriction enzyme fragment length polymorphism analysis (RFLP) was 

developed. The PCR assay amplifies a fragment of ≈400 base pairs (bp) in B. bovis and B. 

bigemina derived from in vitro culture. If the obtained amplicon is digested with the RE ScrF 

I and Msp I, 2 fragments of ≈250 and 150 bp in length (RFLP) are obtained only in samples 

containing Babesia bovis, while in samples infected with B. bigemina the amplicon is not 

digested. If the amplicon is digested with RE Box I and Acu I, 2 fragments of ≈290 and 

110 bp are obtained in samples infected with B. bigemina, while in samples infected with 

B. bovis the 400 bp amplicon is not digested, thus differentiating the infecting species by 

means of the restriction pattern (PCR-RFLP). In addition, in the amplicons digested with 

RE Hinc II, fragments of 330 bp and 65 bp are produced (difficult to resolve and identify 

the latter in the gel) in the samples infected with B. bovis, but not in the amplicons obtained 

in samples infected with B. bigemina. However, the RE Nla III digests the amplicon of the 

2 Babesia species, generating fragments of approximately 250 bp and a 75 bp doublet 

in B. bovis, while in the sample containing B. bigemina a 300 bp fragment and one of 

100 bp are produced after digestion. Figures 1 and 2 show a representative result of the 

amplicons obtained in the PCR test and subject to enzymatic digestion (RFLP) in the 

Babesia samples derived from in vitro culture.
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Figure 1. PCR-RFLP analysis of products amplified with PIRO-A/PIRO-B oligonucleotides and digested with 
restriction enzymes. Lane identification: 100 bp marker (M); PCR product digested with Restriction Enzyme ScrF I 
(1); Hinc II (2); Msp I (3); Box I (4); Nla III (5); Accu I (6); Not digested (N).

Figure 2. PCR-RFLP analysis of products amplified with PIRO-A/PIRO-B oligonucleotides and digested with 
restriction enzymes. Lane identification: M) Molecular marker, 100 bp; 1 and 3) B. bovis; 2 and 4) B. bigemina; 5-8) 
Mixed B. bovis/B. bigemina; ND) Not digested with RE. 

The amplicons obtained were analyzed by PCR-RFLP to verify the specificity of the 

test with the use of restriction enzymes for each of the Babesia species analyzed in this 

work (Figure 2). The amplicons corresponding to B. bigemina were fully digested, obtaining 

the expected 290 bp and 110 bp fragments in B. bigemina samples, wheter single infection 

or mixed infection (Figure 2, lanes 2 and 5). On the other hand, samples digested with 

the enzyme Msp I, corresponding to B. bovis, were also fully digested, obtaining the two 

fragments of interest with expected sizes of 250 bp and 150 bp (Figure 2, lanes 3 and 

6). In lane 1 we can observe undigested DNA that served as a control to identify those 
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samples that could possibly be undigested. In addition, to rule out posible non-specificities 

of the RE used in the study, the RE were inverted to confirm their specificity, ensuring that 

both enzymes are specific to the amplicon for each species. Thus, B. bigemina samples 

that were digested with Box I were also digested with RE Msp I and B. bovis was digested 

with RE Box I, visualizing only the 400 bp fragments in each case (Figure 2, lanes 1 and 4), 

unless the amplicon was from a mixed sample containg both Babesia sp (Fig 2, lanes 5 and 

6). Additionally, two digestion controls were added to confirm that the specific enzymatic 

reaction was taking place, one where the mixed Babesia sp sample was double-digested 

with RE Box I/Msp I, obtaining the four DNA fragments of the expected size, ie, 290 bp, 250 

bp, 150 bp and and 110 bp (Figure 2 lane 7), and the undigested control (Figure 2. Lane 8).

The PCR test with the PIRO A/B oligonucleotides managed to amplify a fragment 

of approximately 400 bp in all the DNA samples obtained from the 18 different Babesia spp. 

isolates. The PCR-RFLP test implemented then allows the identification of erythrocytes 

infected with either Babesia bovis or B. bigemina (Figure 3A). 

Figure 3. PCR-RFLP analysis of products amplified with PIRO-A/PIRO-B oligonucleotides and digested with 
restriction enzymes. Lane identification: 1) 100 bp marker; Lanes 2-9: Isolates classified as B. bovis; Lanes 12-20: 
Isolates classified as B. bigemina. Panel A: PCR amplification results with oligonucleotides PIRO A/B); Panel B: PCR-
RFLP result with amplicons digested with RE Box I; Panel C: PCR-RFLP result with amplicons digested with RE Msp I.
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The PCR test amplifies a fragment of approximately 400 bp in B. bovis and B. 

bigemina from the different geographic isolates. Figure 2 shows the representative result 

of the amplicons obtained in the PCR assay when amplicons are subject to enzymatic 

digestion (RFLP) in samples derived from 18 different geographic isolates (9 classified 

microscopically as B. bovis and 9 classified as B. bigemina). If the obtained amplicon is 

digested with RE Box I, as expected, 2 fragments of ≈290 and 110 bp are obtained in the 

samples infected only with B. bigemina, while in the samples infected with B. bovis the 400 

bp amplicon is not digested, unless the sample was co-infected (Figure 3B, lanes 18 and 

20). If the obtained amplicon is digested with the RE Msp I, fragments of 400 bp, ≈250 

and 150 bp in length (RFLP) are obtained in samples containing only B. bovis (denoting 

partial digestion in most of the samples classified as B. bovis), while in samples infected 

with B. bigemina the amplicon is not digested, thus differentiating the infecting species by 

means of the restriction pattern (PCR-RFLP). In addition, if the PCR-derived amplicons 

from a sample co-infected with B. bovis and B. bigemina are digested with RE Box I, bands 

of 290 and 110 bp are obtained, while in the sample digested with RE Msp I fragments 

of 250 and 150 bp are observed, differentiating the species present in the samples co-

infected with B. bovis and B. bigemina (Figure 3C, lane 20). The PCR test performed on 

the 10 Rh microplus tick samples processed allowed the 10 specimens to be identified 

with amplicons of the expected size (400 bp). However, only in 6 specimens could an 

intense band be visualized (not shown). Enzymatic digestion with RE Box I and Msp I of 

the amplicons obtained allowed us to identify a pattern corresponding to B. bigemina in 5 

of the ticks and a pattern corresponding to B. bovis in 3 ticks, with a mixed infection in 2 

ticks (not shown).

4 DISCUSSION AND CONCLUSIONS

It was possible to implement the PCR test to detect Babesia spp in infected 

erythrocytes from in vitro culture and in isolates propagated in experimental animals, 

through the use of generic PIRO-A and PIRO-B oligonucleotides. It was shown that the 

PCR test for Babesia sp DNA amplification using oligonucleotides that align the gene that 

codes for 18S ribosomal RNA, can detect an infection due to the presence of Babesia 

bigemina and/or B. bovis in experimentally inoculated animals. 

It was possible to implement the PCR test to detect Babesia spp in DNA extracted 

from erythrocytes infected with 18 different geographic isolates of B. bigemina and 

B. bovis. By using generic oligonucleotides that align to the gene that codes for 18S 

ribosomal RNA, the PCR test can detect the presence of B. bigemina and/or B. bovis in 
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field samples, thus demonstrating the conservation of the 18S ribosomal DNA gene in 

Babesia species in Mexico.

Previous work used DNA purified from in vitro cultured parasites as template 

(Carret, 1999; Carret et al, 1999), obtaining an amplicon of the expected size but without 

being able to differentiate the species: B. bovis or B. bigemina, given that no enzymatic 

digestion process was carried out. Several studies have been reported in different 

countries based on the use of PCR in conjunction with the RFLP technique to detect 

and differentiate pathogens of economic importance, which mainly affect the livestock 

industry, as in many cases those Pathogens may cause the death of the infected animal. 

In a study carried out in 200, it was possible to implement the enzymatic digestion of 

a product of rDNA amplification with primers F: 5’-GAG TAA ATT AGA GTG TTC CAA 

GCA-3’ and R: 5’-CGG AAT TAA CAA GAC AAA TC-3’, which amplify a portion of the 

18S subunit of approximately 564 bp and using the PCR-RFLP assay with the enzyme 

Kpn I, the detection of Theileria annulata was achieved in field conditions where mixed 

infections with B. bigemina and T. evansi are very common (Ravindran et al 2007a). With 

these primers it was possible to amplify B. bigemina and T. annulata rDNA, both ~564 bp 

fragments, in contrast to T. evansi rDNA and bovine DNA which were not amplified. At the 

same time, the use of other RE such as Mbo I, Hue III, Alu I, Hinf I and Taq I was ruled out 

as a potential marker for the differentiation of Theileria and Babesia species, resulting in 

the RE Kpn I as the only restriction marker for differentiation in mixed infections, since it 

produces a double digestion pattern only for T. annulata of 466 bp and 98 bp. Another 

study carried out the same year was able to establish a diagnosis to differentiate mixed 

infections caused by B. bigemina and Theileria annulata in calves by using restriction 

enzymes in PCR amplification products using the same set of oligonucleotides described 

in the previous experiment (Ravindran et al, 2007b). In this study RE Cfr131 was capable 

of differentiating between both species, obtaining different digestion patterns between 

species, finding a triple digestion pattern for B. bigemina, obtaining sizes of 393bp, 101bp 

and 66bp while for T. annulata a double digestion pattern of 463 bp and 101 bp. 

A PCR_RFLP assay has also been designed for the molecular identification of Theileria 

spp. with the use of the oligonucleotides FThBab 5′-GCATTCGTATTTAACTGTCAGAGG-3′ 

and RThBab 5′- GATAAGGTTCACAAAACTTCCCTAG-3′ based on the amplification of a 

region of the 18S rDNA gene of ~861bp used to make a differentiation between T. ovis T. 

lestoquardi and T. annulata species, by using the RE Hinc II and Vsp I (Jalali et al, 2014). 

With the implementation and use of the PCR-RFLP assay, the aim is to increase 

the specificity and reduce the difficulty in making confirmatory and differential diagnoses, 

as traditional methods used, such as microscopy and serological methods, might have 
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high variability since the diagnosis depends on factors such as the analyst’s interpretation, 

morphological similarity between species, and cross-reaction, just to name a few 

(Delespaux et al, 2003; Solano-Gallego et al, 2008; Karimi et al, 2012).

In the present work, the presence of Babesia spp. in most of the isolates analyzed 

was accomplished and, in turn, it was possible to differentiate between species using the 

PCR-RFLP assay, with the oligonucleotides PIRO A/PIRO B, and RE Box I, and Msp I.

The PCR-RFLP assay used as a technique for direct detection can be accurate 

and reliable, when compared to the light microscopy examination of thin blood smears. 

However, it is necessary to evaluate a large number of positive samples from truly infected 

animals in order to determine their analytical sensitivity and diagnostic specificity, as 

compared to the conventional microscopic test (Figueroa et al, 1996). However, it can 

be argued that it is in terms of the specificity of the tests and the number of samples 

that can be processed in a workday by an analyst, where clear differences between the 

two diagnostic tests can be established. For example, a microscopist can easily analyze 

30 thin blood smears observed in a workday if the operator spends approximately 10-15 

minutes microscopically analyzing blood smears (Figueroa et al 1996; Bock et al, 2004). 

However, to achieve this, it is necessary to have a person with experience in the detection 

and speciation of blood parasites. On the other hand, the PCR test, although it is a high-

cost technique due to the reagents it uses, it has the great advantage that in a 8-hour 

workday, and given the (semi)automation of the DNA amplification procedure, it can 

provide better performance in terms of having a greater number of samples processed 

in a workday. Additional experiments carried out with the PCR-RFLP-based test, allowed 

the identification of Babesia infections in animals experimentally and naturally infected 

with B. bovis and/or B. bigemina, as well as in Rhipicephalus microplus ticks that fed on 

these animals. Thus, the PCR-RFLP assay tested in Mexico, allows a differentiation of B. 

bovis and/or B. bigemina with the use of RE Box I and Msp I for digestion of an amplicon 

obtained by PCR. The assay can be implemented to monitor infection by Babesia spp 

primarily in the acute phase of the disease, in such a way that the prepatent and/or patent 

period of infection in premunized and/or naturally infected animals can be estimated.

A more sensitive and species-specific confirmatory diagnostic test, such as the 

PCR-RFLP test, is instrumental for the detection and differentiation of B. bovis and B. 

bigemina, since it allows the analysis of a greater number of samples in less time and 

facilitates the establishment of a more effective and timely medical intervention for the 

treatment of bovine babesiosis. The PCR-RFLP test can be applied in any región or 

country where there are laboratories with basic equipment for the PCR test, where a more 

accurate diagnosis of babesiosis is required. Even though the PCR-RFLP test is indicated 
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for the analysis of DNA extracted from the blood of animals in the acute phase of the 

disease, additional experiments need to be carried out for its implementation in tissues 

(brain, kidney, liver) obtained from recently dead animals with signs compatible with the 

disease. The test may also be used in the detection of mixed infection in cattle, as well as 

in the identification and differentiation of Babesia spp in the tick vector Rh. microplus and/

or Rh. annulatus.
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