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NUCLEIC ACID-BASED DIAGNOSIS OF BABESIA BIGEMINA INFECTION

IN BOVINES OF TELANGANA STATE, INDIA

INTRODUCTION

Bovine babesiosis due to Babesia bigemina is a

tick-borne intra-erythrocytic haemoprotozoan parasite

causing substantial economic losses to the global

livestock sector in temperate to tropical countries. The

clinical signs of the acute disease include pyrexia,

anorexia, depression, weakness, ataxia, hemoglobinuria,

anemia, jaundice, and the presence of intra-erythrocytic

parasites [1, 2]. The recovered animals become carriers

of the infection for both ticks and naive cattle [3, 4].

Diagnostic techniques like microscopy, Quantitative

Buffy Coat (QBC) analysis, and several serological

methods such as Complement Fixation Test (CFT),
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Indirect Fluorescent Antibody Test (IFAT), Indirect

Haemagglutination (IHA) test, and Enzyme-Linked

Immunosorbent Assay (ELISA) are available for

diagnosis of babesiosis but these have some limitations

with low sensitivity and specificity [5]. Given the

economic significance of carrier and sub-clinical

infections and the limited sensitivity and specificity of

conventional microscopy and serological techniques,

the present study was undertaken to standardize a

Polymerase chain reaction (PCR) aimed at the SpeI-

AvaI restriction fragment of B. bigemina [6] and field

validation of standardized PCR assay in the diagnosis

of bovine babesiosis in Telangana state. The
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standardized PCR assay was employed to study the

age-wise, sex-wise, and breed-wise prevalence of B.

bigemina infection in cattle.

MATERIALS AND METHODS

Extraction of genomic DNA from Babesia-positive

blood

Around 0.5 ml of blood was collected into EDTA-

coated vacutainers (BD®) aseptically from the ear vein

of a cross-bred Holstein Friesian cow exhibiting clinical

signs of babesiosis such as pyrexia (105.7ºC),

hemoglobinuria, anemia, tick infestation and found

positive for B. bigemina on blood smear examination

at Veterinary Dispensary, Nandigama, Mahabubnagar

district of Telangana state. The genomic DNA was

extracted from the positive blood sample [7]. Briefly,

two hundred microlitres of whole blood were lysed

with 330 µl of a cell lysis buffer (100 mM NaCl

(SRL), 10 mM Tris HCl (Hi-media) (pH 8.0), 1 mM

EDTA (SRL) (pH 8.0)), 20% Sodium dodecyl sulfate

(SDS) (Hi-media) and 20 µl of proteinase K (Thermo

Scientific) (20 mg/ml) by incubation at 56ºC for 4 hrs

with periodic swirling followed by addition of another

10 µl of proteinase K and incubation overnight at

37ºC. Following overnight incubation, DNA was then

purified using the standard Phenol-Chloroform

extraction method followed by ethanol precipitation.

Finally, the pellet was resuspended in 50 µl of TE

buffer (pH 8.0) and stored at –20ºC.

The presence of the extracted genomic DNA was

confirmed through agarose (0.7%) gel electrophoresis.

The concentration and purity of DNA extracted were

assessed by a Nanodrop 1000 Spectrophotometer

(Thermo Scientific, USA).  The 355.6 ng/µl of DNA

thus obtained was made into aliquots of 50 ng/µl and

utilized as template DNA in all PCR reactions. The

DNA extracted from the blood of the newborn calf

was utilized as a negative control in all PCR reactions.

Polymerase chain reaction

Genus specific PCR assay

Initially, the genomic DNA isolated from the blood

samples was first analyzed using a genus-specific PCR

assay aimed at the 18S rRNA gene of Babesia sp. The

PCR reaction included 10 pmol each of forward and

reverse primers, 12.5 µl of Emerald Amp® GT PCR

master mix, 50 ng of template DNA, and nuclease-free

water, bringing the total volume to 25 µl, and was

carried out in an automated thermal cycler (Hi-media).

[8, 9]. Details of primers and cycling conditions are

given in Table 1.

Species-specific PCR assay

Later, samples that showed amplification in the

genus-specific PCR assay were further subjected to a

species-specific PCR aimed at the the SpeI-AvaI

restriction fragment of B. bigemina with 10 pmol each

of forward and reverse primers, 12.5 µl of Emerald

Amp® GT PCR Master Mix, 50 ng of template DNA

and the reaction volume was adjusted to 25 µl with

nuclease-free water in an automated thermal cycler

(Hi-media) [6, 8, 10]. Details of primers and cycling

conditions are given in Table 1.

For sensitivity analysis, descending double-fold

dilutions of template DNA concentration starting from

10 ng to 312.5 pg were tested. All the amplified PCR

products were subjected to agarose gel electrophoresis

(2%) and stained with ethidium bromide (0.5 µg/ml)

alongside a 100 bp DNA ladder, run at 50 V for 2

hours. The results were visualized and documented in

a gel documentation (syngene) system.

Collection and processing of blood samples from

the field

A total of 158 blood samples (~0.5 ml from ear

vein using 24 gauge needle) were collected in EDTA-

coated vacutainers (BD®) from different districts of

Telangana and transported to the laboratory at 4 ºC

within 4-8 hrs of collection for further processing.

DNA was isolated from the blood samples by using

the DNeasy® Blood and Tissue kit (Qiagen, Germany),

following the manufacturer's instructions, and stored at

-20 ºC until further use. DNA extracted from 158

field-collected blood samples was checked for

amplification of the genus-specific fragment of Babesia

and a species-specific fragment of B. bigemina by

PCR as described above.

Blood smear examination

Methanol-fixed thin peripheral blood smears

collected from the tip of the ears of respective animals

during the collection of blood samples were examined

by Giemsa staining under a light microscope (Olympus

CH30RF200). The detection of even a single piroplasm

was classified as a positive case, and a minimum of

4000 red blood cells (RBCs) were examined before

declaring negative for blood parasites [8].

Statistical analysis

The efficacy of laboratory standardized PCR assay

was compared to the results of Giemsa stained blood

smears for making recommendations to the field. The

field results of the PCR assay were analyzed to study



306

Exploratory Animal and Medical Research, Volume 14, Issue 2, December, 2024

the age-wise, sex-wise, and breed-wise prevalence of

B. bigemina infection in cattle by chi-square test using

SPSS software [11].

RESULTS AND DISCUSSION

The genus-specific standardized PCR assay for

amplification of the gene encoding 18S rRNA of

Babesia spp. revealed a single band of 440 bp length

showing no amplicon in the negative control when run

in 2% agarose gel electrophoresis stained with Ethidium

bromide (0.5µg/ml). (Fig. 1)

Similarly, the species-specific standardized PCR

assay for amplification of species-specific gene

encoding SpeI-AvaI restriction fragment of B. bigemina

in positive sample revealed a single band of 278 bp

length, while the negative control showed no

amplification when run in 2% agarose gel

electrophoresis (Fig. 2). The analytical sensitivity

studies with positive template DNA, could detect as

low as 625 pg of parasite DNA which is lesser than

that reported earlier [12, 13].

Table 1. Details of primers and cycling conditions.

Table 2. Age wise occurrence of Babesia bigemina by

PCR assay.

*The values superscripted with dissimilar alphabets in a

column are significantly (p=0.029) different.

Table 3. Sex wise occurrence of Babesia bigemina by

PCR assay.

*The values superscripted with dissimilar alphabets in a

column are significantly (p=0.038) different.

Table 4. Breed wise occurrence of Babesia bigemina by

PCR assay.

*The values superscripted with dissimilar alphabets in a

column are significantly (p=0.043) different.

The PCR assay performed on 158 blood samples

collected from different districts of Telangana showed

specific signals of amplification in 16 samples (10.12%)

for Babesia sp. and B. bigemina (Fig. 3). Higher

incidence of B. bigemina by PCR than our present

study was reported earlier as 18%,15.46%, 76.1%, and

25.96%, in Pakistan, Syria, South Africa and Punjab,

respectively [14, 15, 16]. Whereas, the lower incidence

was reported in Sudan, Thailand, and Punjab i.e., 4%,

3.6%, and 7.35%, respectively [17, 18, 19]. The

variations observed in the incidence reported by various

workers could be due to the differences in geographical
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Fig. 1. Standardization of PCR assay for the diagnosis of

Babesia sp. [M:100 bp DNA ladder; 1: Babesia sp. DNA,

2: Cattle (leucocyte) DNA, 3: Negative control].

Fig. 2. Standardization of PCR assay for the diagnosis of

B. bigemina. [M: 100 bp DNA ladder, 1: Babesia bigemina

DNA, 2: Cattle (leucocyte) DNA, 3: Negative Control].

Fig. 3.  Diagnosis of B. bigemina infection in field

samples by PCR assay. [M- 100 bp DNA ladder, 1:

Babesia bigemina positive DNA; 2, 4, 6, 7, 8, 10, 12:

Babesia bigemina positive field samples; 3, 5, 9, 11: Babe-

sia bigemina negative field samples].

Fig. 4. Babesia bigemina (1000x, Giemsa staining).

distribution patterns of vectors and agroclimatic

conditions favoring the propagation of vectors [20].

Further, the data was categorized and analyzed for

age-wise (Table 2), sex-wise (Table 3), and breed-wise

(Table 4) occurrence of babesiosis. Studies on the age-

wise occurrence of babesiosis found a significantly

(p=0.029) elevated rate of infection in animals of 2-5

yrs age (12/70), followed by >5 yrs age (3/50) than

young animals below two yrs (1/38) of age indicating

17.14%, 6% and 2.63% of infection respectively. Earlier

studies also observed a higher prevalence of babesiosis

in adults compared to young animals [21, 22]. An

inverse age susceptibility occurring in Babesia

infections, where young animals exhibit natural

resistance while the older animals are completely

susceptible [23] could be the reason for the present

observation.

Using the data collected, we observed that cross-

bred animals revealed a higher prevalence (13.72%) of

babesiosis compared to indigenous breeds (3.57%)

with a significant difference (p=0.043). Similar findings

were reported as the highest prevalence among

crossbred and least in Nondescript breeds of animals

[24, 25].

A significantly (p=0.038) higher incidence of

babesiosis was observed in female animals (13.27%)

than in male (2.22%) animals. Female animals were

recorded to have a higher risk of infection as compared

to males according to previous reports [25, 26, 27].

The difference in sex could be attributed to high
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hormonal stress levels among females, especially during

pregnancy and lactation, which makes them more

susceptible to infection compared to males [28].

Elevated levels of prolactin and progesterone in females

increase their susceptibility to infection [29].

CONCLUSION

When the laboratory standardized PCR assay was

compared with the conventional staining technique,

examination of Giemsa-stained thin blood smears

revealed the presence of B. bigemina piroplasms in

only 5 (3.16%) (Fig. 4) out of 158 smears examined,

indicating the superiority of PCR assay over blood

smear examination regarding its sensitivity and

specificity. Further, the PCR assay (16/158) showed

significantly higher sensitivity (p=0.013 i.e., p<0.05)

in the detection of babesiosis than conventional blood

smear examination (5/158) and is thus recommended

for field diagnosis of bovine babesiosis.

ACKNOWLEDGEMENT

The authors are thankful to P. V. Narsimha Rao

Telangana Veterinary University, Rajendranagar,

Hyderabad, Telangana for providing funds and facilities

to carry out the research work.

REFERENCES
1. Callow LL. Animal health in Australia. Volume 5. Protozoal

and rickettsial diseases. Australian Govt Publishing Service, 1984.

2. Laha R, Das M, Goswami A, Singh P. Losses of milk

production due to Babesia bigemina infection in a cross bred cow:

A case study. J Protozool Res. 2012; 22(1-2):6-9, DOI:10.32268/

jprotozoolres.22.1-26.

3. Figueroa JV, Chieves LP, Johnson GS, Buening GM.

Multiplex polymerase chain reaction based assay for the detection

of Babesia bigemina, Babesia bovis and Anaplasma marginale

DNA in bovine blood. Vet Parasitol. 1993; 50(1-2):69-81,

DOI:10.1016/0304-4017(93)90008-B.

4. Calder JA, Reddy GR, Chieves L, Courtney CH, Littell R,

et al. Monitoring Babesia bovis infections in cattle by using PCR-

based tests. J Clin Microbiol. 1996; 34(11):2748-2755,

DOI:10.1128/jcm.34.11.2748-2755.1996.

5. Bose R, Jorgensen WK, Dalgliesh RJ, Friedhoff  KT, De

Vos AJ. Current state and future trends in the diagnosis of

babesiosis. Vet parasitol. 1995; 57(1-3):61-74, DOI:10.1016/0304-

4017(94)03111-9.

6. Kaur P, Juyal PD, Sharma A, Singla LD, Mukhopadhyay

CS. Comparative detection efficacy of primers targeting SpeI-AvaI

restriction fragment and small subunit ribosomal RNA gene of

Babesia bigemina. Indian J Anim. Sci, 2023; 93(7):681-685,

DOI:10.56093/ijans.v93i7.109919.

7. Sambrook, J, Fritsch EF, Maniatis T. Molecular cloning: a

laboratory manual (Ed. 2). 1989; Cold spring harbor laboratory press.

8. Pradeep RK, Nimisha M, Sruthi MK, Vidya P, Amrutha

BM, et al. Molecular characterization of South Indian field isolates

of bovine Babesia spp. and Anaplasma spp. Parasitol Res. 2019;

118(2):617-630, DOI:10.1007/s00436-018-6172-4.

9. Hilpertshauser H, Deplazes P, Meli ML, Hofmann-Lehmann

R, Lutz H, Mathis A. Genotyping of Babesia bigemina from cattle

from a non-endemic area (Switzerland). Vet Parasitol.  2007;

145(1-2):59-64, DOI:10.1016/j.vetpar.2006.12.006.

10. Figueroa JV, Chieves LP, Johnson GS, Buening G. Detection

of Babesia bigemina-infected carriers by polymerase chain reaction

amplification. J Clinic Microbiol. 1992; 30(10):2576-2582,

DOI:10.1128/jcm.30.10.2576-2582.1992.

11. Kernif T, Medrouh B, Harrat Z, Saidi F, Ziam H.

Characterisation of field tropical Theileriosis and associated risk

factors in two bioclimatic areas of Algeria. Ticks Tick-borne Dis.

2024; 15(2), DOI:10.1016/j.ttbdis.2024.102310.

12. Ravindran R, Mishra AK, Rao JR. Polymerase chain

reaction for the diagnosis of bovine babesiosis. J Parasit Dis.

2006; 30:142-145.

13. Chaudhry ZI, Suleman M, Younus M, Aslim A. Molecular

detection of Babesia bigemina and Babesia bovis in crossbred

carrier cattle through PCR. Pak J Zool. 2010; 42(2):201-204.

14. Terkawi MA, Alhasan H, Huyen NX, Sabagh A, Awier K,

et al. Molecular and serological prevalence of Babesia bovis and

Babesia bigemina in cattle from central region of Syria. Vet

Parasitol. 2012; 187(1-2):307-311, DOI:10.1016/

j.vetpar.2011.12.038.

15. Mtshali MS, Mtshali PS. Molecular diagnosis and

phylogenetic analysis of Babesia bigemina and Babesia bovis

hemoparasites from cattle in South Africa. BMC Vet Res. 2013;

9(1):1-7,  DOI:10.1186/1746-6148-9-154.

16. Singh H, Haque M, Singh NK, Rath SS. PCR based

detection of subclinical bovine babesiosis in Punjab. Indian J

Anim Res. 2013; 47(6):543-546.

17. Awad H, Antunes S, Galindo RC, do Rosario VE, De la

Fuente J et al. Prevalence and genetic diversity of Babesia and

Anaplasma species in cattle in Sudan. Vet Parasitol. 2011; 181(2-

4):146-152, DOI:10.1016/j.vetpar.2011.04.007.

18. Terkawi MA, Huyen NX, Shinuo C, Inpankaew T, Maklon,

et al. Molecular and serological prevalence of Babesia bovis and

Babesia bigemina in water buffaloes in the northeast region of

Thailand. Vet Parasitol. 2011; 178(3-4):201-207, DOI:10.1016/

j.vetpar.2011.01.041.

19. Bhat SA, Singh H, Singh NK, Rath SS. Molecular

detection of Babesia bigemina infection in apparently healthy

cattle of central plain zone of Punjab. J Parasit Dis. 2015;

39(4):649-653, DOI:10.1007/s12639-014-0417-7.

20. Jayalakshmi J, Manchukonda UK, Sreenivasamurthy GS,

Kalyani P, Lakshman M. Influence of agro-climatic factors on the

prevalence of ixodid ticks on cattle in Telangana state, India. Indian

J Anim Res. 2024; 58(4):654-659, DOI:10.18805/IJAR.B-4962.

21. Muhanguzi D, Matovu E, Waiswa C. Prevalence and

characterization of Theileria and Babesia species in cattle under

different husbandry systems in western Uganda. Int J Anim Vet

Adv. 2010; 2(2):51-58.



309

Nucleic acid-based diagnosis of Babesia bigemina infection in bovines...

Cite this article as: Sree Vidhya M, Udaya Kumar M, Murthy GSS, Kalyani P. Nucleic acid-based diagnosis of

Babesia bigemina infection in bovines of Telangana state, India. Explor Anim Med Res. 2024; 14(2),

DOI:10.52635/eamr/14.2.304-309.

22. Bary MA, Ali MZ, Chowdhury S, Mannan A, Azam MN et

al. Prevalence and molecular identification of haemoprotozoan

diseases of cattle in Bangladesh. Adv Anim Vet Sci. 2018; 6(4):176-

182, DOI:10.17582/journal.aavs/2018/6.4.176.182.

23. Hall WTK, Tammemagi L, Johnston LAY. Bovine babesiosis:

the immunity of calves to Babesia bigemina infection. Aust Vet J.

1968; 44(6):259-264,  DOI:10.1111/j.1751-0813.1968.tb04973.x.

24. Alim M, Das S, Roy K, Masuduzzaman M, Sikder S, et al.

Prevalence of hemoprotozoan diseases in cattle population of

Chittagong division, Bangladesh. Pak Vet J. 2012; 32(2):221-224.

25. Kumar B, Mondal DB, Jithin MV. Prevalence of babesiosis

in cattle in Patna region, India. Int J Curr Microbiol Appl Sci.

2018; 7:5167-5174.

26. Tuli A, Singla LD, Sharma A, Bal MS, Filia G, Kaur P.

Molecular epidemiology, risk factors and hematochemical alterations

induced by Theileria annulata in bovines of Punjab, India. Acta

Parasitol. 2015; 60(3):378-390,  DOI:10.1515/ap-2015-0053.

27. Ghosh S, Patra G, Kumar Borthakur S, Behera P,

Tolenkhomba TC, et al. Prevalence of haemoprotozoa in cattle of

Mizoram, India. Biologic Rhythm Res. 2020; 51(1):76-87,

DOI:10.1080/09291016.2018.1518208.

28. Mamun MAA, Begum N, Shahadat HM, Mondal MMH.

Ectoparasites of buffaloes (Bubalus bubalis) in Kurigram district

of Bangladesh. J Bangladesh Agril Univ. 2010; 8(1):61-66,

DOI:10.22004/ag.econ.208466.

29. Lloyd S. Effect of pregnancy and lactation upon infection.

Vet Immunol Immunopathol. 1983; 4(1-2):153-176.


