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ABSTRACT

The study was carried out with an aim for detection of protozoan aetiology for infertility in cross bred cattle using conventional
and molecular tools in Rayalaseema region, Andhra Pradesh. Blood and cervico-vaginal swabs of 85 crossbred cattle above 3
years of age with and without pyrexia and with the history of infertility/abortion and ten brain, sixteen liver tissue samples of
aborted foetuses collected were subjected for the detection of Theileria annulata, Anaplasma marginale, Trypanosoma evansi,
Neospora caninum and Tritrichomonas foetus using Giemsa and Acridine orange staining techniques and species specific
PCR.The overall prevalence of blood parasites was 17.6% by Giemsa staining with highest incidence of 7. annulata (7.0%),
A. marginale (5.8%) and T. evansi (4.7%) where as Acridine orange staining showed 36.4% with highest prevalence of 7.
annulata (15.2%), A. marginale (14.1%) and T. evansi (7.0%). PCR was standardized for detection of 7. annulata, T. evansi
and A. marginale, out of 85 blood samples subjected to PCR, 45 (52.9%) were found positive for blood parasites, at 25.8%
(22/85), 20.0% (17/88) and 7.0% (6/85) were positive for A. marginale, T. annulata and T. evansi, respectively. The Nested
PCR was found to be sensitive than primary PCR in detection of 4. marginale. Blood parasites prevalence was higher in H.F
cross (58.8%) and the animals with pyrexia (68.0%). The study indicates the marginal role of protozoan parasites in inducing
infertility of cross bred cattle.

HIGHLIGHTS

© Higher prevalence of A. marginale, T. annulata and T. evansi with infertility and abortions.
O Blood parasites detection using PCR was more sensitive than conventional methods.
© Semi-nested PCR was twice more sensitive than primary PCR assay in detection of A. marginale.
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Infertility continues to be a major bottleneck in exploiting
the fullest production potential of animal wealth and
incur an annual loss of more than 500 crore rupees to
livestock industry (Pandya, 2007). Indeed, reproductive
failure due to abortion is a critical issue in cattle farming
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with both non-infectious (nutritional, physical, toxic and
chemical) and infectious (virus, bacteria, fungus and
protozoa) etiologies resulting in pregnancy losses. Though
infectious agents by bacterial, viral and fungal origin are
perhaps the most frequent cause of abortions in domestic
animals (Pretzer, 2008); the significant role of protozoan
induced abortion, infertility and repeat breeding could
not be neglected (Parkinson et al. 2009). Among the
protozoans, Tritrichomonas foetus, Toxoplasma gondii,
Neospora caninum, Sarcocystis cruzi, Trypanasoma
evansi and Theileria annulata are major organisms, while
Anaplasma spp.is found to be the rickettsial causes for
infertility in large ruminants (Kaltungo and Musa, 2013).
(In recent classification, Anaplasma got classified under
gram negative bacteria)

Neospora caninum is an obligate protozoan parasite and
was first associated with neuromuscular disease in dogs.
It is globally distributed and has been identified as a
major cause of infertility in cattle resulting in abortion
and infertility. Abortion due to N. caninum may occur at
any time of gestation but majority happen at 5-6 months
period of gestation (Yadav et al., 2016). However, in India
neosporosis have not been precisely documented as the
occurrence of the disease is very little known. Bovine
trichomonosis caused by Tritrichomonas foetus is a
sexually transmitted disease leading to abortion, infertility
and occasional pyometra. Abortions induced by 7. foetus
occur in the first half of gestation, although a few have been
reported in the eighth month of gestation (BonDuran et
al., 1994). Out of blood protozoan parasites, Trypanosoma
evansi and Theileria annulata were commonly found in
cross bred cattle as acute and chronic form. Trypanosoma
evansi is widely prevalent in India among different
economically important livestock species. The most
significant sign of infection in cattle is abortion, which
occurs suddenly without any clinical signs in the late stage
of pregnancy (Shaapan, 2016). Theileriosis is a tick-borne
disease of domestic and wild animals, is one of the most
economically devastating diseases of livestock in tropical
and subtropical regions (Inci et al., 2007) of the world. It
causes economic losses in terms of mortality, morbidity,
abortion, infertility and reduced milk yield. Among tick-
borne diseases, bovine anaplasmosis represents one of the
most important diseases of ruminants worldwide. Acute
anaplasmosis is characterized by severe anemia, abortion,
weight loss, decreased milk production and death (Kocan
et al., 2000).
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Unlike the reports on the incidence of abortions due to
protozoan parasites being available across the globe, the
literature pertaining to them is quite scanty from Indian
sub-continent. Though India is known to have a high
prevalence of protozoan diseases, there were almost no
reports establishing them as possible factors for infertility/
abortion in the livestock. Further, a precise estimation
of total disease burden pertaining to infertilities has
not been fully described among the cross bred cattle of
Rayalaseema region, Andhra Pradesh and the long term
success in management of these infections could possibly
be achieved by thorough understanding about the root
cause of abortions and infertilities. Keeping in the view of
above, the study was aimed to determine the possible role
of various protozoa involved in induction of infertility/
abortion among crossbred cattle of Andhra Pradesh by
conventional and molecular confirmation.

MATERIALS AND METHODS

Examination of cattle

Total 85 cross bred cattle were examined from different
districts and 15 Veterinary Teaching Hospitals of
Rayalaseema region, Andhra Pradesh. Before sample
collection the details of age, sex and breed of animals and
previous history of early abortion, delayed conception,
pyometra, vaginitis and infertility were obtained from the
farmers. Out of 85 samples, 51 were Holstein Friesian
(H.F) cross bred and 34 were Jersey cross bred and the
samples were categorized with (n=60) and without (n=25)
pyrexia.

Collection of samples

Blood samples and cervico vaginal swabs of 85 cross bred
cattle above three years of age with the history of infertility/
abortion with and without pyrexia were collected. Cervico
vaginal swabs and tissue samples (ten brain and sixteen
liver tissue samples of aborted foetuses) were collected
in Phosphate buffered saline (PBS) and lysis buffer,
respectively. Two blood samples were collected from
each cattle one from ear vein for preparation of peripheral
blood smear and the second one was from jugular vein in
EDTA coated blood collection vials for the genomic DNA
extraction.
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Sample analysis

The collected blood samples were examined for detection

of blood protozoans by Giemsa staining and Acridine
orange (A.O) staining (Ravindran et al., 2007) procedures.
Giemsa stained smears were microscopically observed at
100x magnification while the A.O stained smears examined
under a fluorescent microscope (Olympus Bx40) when the
smear was moist at 100x magnification. A minimum of
50 fields were screened before declaring negative for the
presence of any blood protozoan.

Further, all the collected blood/tissue/cervico vaginal
samples were processed individually for molecular
diagnosis by extracting DNA using QIAampDNeasy
Blood & Tissue Kit (QIAamp DNA Mini Kit). PCR was
standardized for detection of 7. annulata, T. evansi and A.
marginale, by targeting Tams1 (721 bp), repetitive DNA
sequence probe pMUTec 6.258 (227bp) and msp5 (458
bp, 345 bp) gene, respectively. The targeted gene, primer
sequences, product size of various protozoans parasites
in the present study are represented in the Table 1. The
amplification was performed in Kyratec (Banglore, India)
thermal cycler with the specified cycling conditions as
given in Table 2.

Further, semi-nested PCR for Anaplasma marginale was
carried out with the internal forward (Amar msp5iF)
and external reverse (Amar msp5 eR) primers using 1 pl
of primary PCR product of the external forward (Amar
msp5 eF) and external reverse (Amar msp5 eR) primers.
The product was sequenced, annotated using DNA baser
gene Assembler v5.15.0 programme and phylogenetic
tree was constructed using phylogenfr programme for
the sequenced isolates of A. marginale, T. annulata and
T evansi.

Statistical analysis

AMcNemer test was used to assess statistical association
between the categorical variables by SPSS 20.0 software.
P <0.01 was accepted to be statistically significant.

RESULTS

In the present study, blood and cervico-vaginal swabs
of 85 crossbred cattle (H.F and Jersey x) and ten brain
and sixteen liver tissue samples of aborted fetuses
were screened for the presence of Theileria annulata,
Anaplasma marginale, Trypanosoma evansi, Neospora
caninum and Tritrichomonas foetus.

Table 1: Oligonucleotide primers used for identification of various protozoan parasites by PCR

Prod. Annealing

Infectious agent  Gene Primer sequences (5’-3”) Length  Temp References
Repetitive sequence  F: TGCAGACGACCTGACGCTACT
Trypanosoma 27bp  60°C Wayts ef al., 1994
evansi probe pMUTec 6.258 R: CTCCTAGAAGCTTCGGTGTCCT
F: GTAACCTTTAAAAACGT
Theileria annulata  Tams 1 721 bp 55°C d’Oliveira et al., 1995
R: GTTACGAACATGGGTTT
eF: GCATAGCCTCCGCGTCTTTC
4 458 bp
naplasma msp5 eR: TCCTCGCCTTGGCCCTCAGA 58°C Singh et al., 2012
marginale 345 bp
iF: TACACGTGCCCTACCGAGTTA
F: CCTCCCAATGCGAACGAAA
257 bp
Neospora caninum pNC-5 R: GGGTGAACCGAGGGAGTTG 57°C Baszler et al., 1999
156 bp
F: CAGTCAACCTACGTCTTCT
Tritri F: CGGGTCTTCCTATATGAGACAGAACC BonD _
ritrichomonas 5 8S-ITS 347 bp 67°C onDurant et al.,
Joetus R: CCTGCCGTTGGATCAGTTTCGTTAA 2003

Tams —Theileria annulata major merzoite surface antigen, msp -Major surface protein,pNC-5 Neospora caninum specific genomic sequences
isolate 5, 5.8S-ITS - 5.8S ribosomal RNA and internal transcribed spacer.
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Table 2: Thermal cyclic conditions

Infectious agent No. of cycles Intial Denaturation Denaturation Annealing Temp Extension Final Extension
Trypanosoma evansi 35 95°C, 4 min 95°C, 1 min 60°C, 1 min 72°C 1min 72°C, 10 min
Theileria annulata 30 94°C, 5 min 94°C, 1 min 55°C, Ilmin 72°C Imin 72°C, 10 min
Anaplasma marginale 28 94°C, 5 min 94°C, 1 min 58°C, Imin 72°C 1min 72°C, 10 min
Neospora caninum 35 94°C, 5 min 95°C, 30 sec 57°C, 30 sec 72°C 1min 72°C, 10 min
Tritrichomonas foetus 30 94°C, 5 min 94°C, 30 sec 67°C, 30 sec 72°C 1.5min  72°C, 1.5 min

Table 3: Blood parasites involved in induction of Infertility/Abortion in crossbred cattle in Rayalaseema region of Andhra Pradesh

Blood parasitic infections

Total
Total f A i Ti j Theileri
otal number o Diagnosis method naplasma marginale rypanosoma evansi heileria annulata
samples No. % positive % positive No. Positive % positive No %
Positive P Positive P ) °Pp Positive positive

Giemsa staining 5 5.8 4 4.7 6 7.0 15 17.6
Acridi

85 cridine orange 14.1 6 7.0 13 15.2 31 36.4
staiing
PCR 22 25.8 6 7.0 17 20 45 52.9

Out of 85 blood samples screened, 45 samples (52.9%)
were positive for various blood parasites that could be
attributed for inducing infertility/abortions. Among the
45 positive samples, 7.0%, 20.0% and 25.8% of crossbred
cattle were found infected with the T. evansi, T. annulata
and 4. marginale, respectively. Though statistically not
significant, incidence of haemoprotozoan infections were
higher among H.F cross bred (58.8%) as compared to
Jersey cross bred animals (44.1%). Results revealed that
28 (46.6%) out of 60 crossbred cattle without the sign of
pyrexia were found positive for blood parasites whereas
17 out of 25 cattle with pyrexia signs showed 68.0% of
prevalence for blood parasites.

Staining methods

The overall prevalence of blood parasites was 17.6% by
Giemsa’s staining method. The highest incidence was
observed for 7. annulata (7.0%) followed by A. marginale
(5.8%) and T. evansi (4.7%) (Fig. 1,2 and 3). Blood smears
further examined with A.O staining revealed, a total of 31
blood samples out of 85 were tested positive for blood
parasites giving an overall prevalence of 36.4 % (Table 3).
Highest prevalence was observed for 7. annulata (15.2%)
followed by 4. marginale (14.1%) and T. evansi (7.0%)
(Fig. 4, 5 and 6).
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Molecular assays

The DNA extracted from 85 blood samples were
subjected to PCR assay and 45 were detected positive for
different blood parasites at 25.8% (22/85), 20% (17/85)
and 7% (6/85) for A. marginale, T. annulata and T
evansi, respectively (Table 3). However, N. caninum and
T. foetus were not detected from either of the 26 tissues
and 85 cervico vaginal contents that were subjected for
PCR assay.

The T. evansi specific primers used in the present study
amplified the expected amplicon size of 227bp (Plate 1).
Theileria annulata identification by PCR was done by gene
encoding 30 kDa major merozoite surface protein (Tams1).
The amplified PCR product size of 721 bp confirmed the
presence of 7. annulata in 17 (21.1%) out of 85 crossbred
cattle (Plate 2). Under the molecular survey, more number
of 4. marginale positive cases was encountered. Initially,
only 13 positive cases were detected by primary PCR
targeting msp5 gene (Plate 3), whereas with the help of
semi-nested PCR (Plate 4), 22 samples were confirmed
positive for 4. marginale.

Phylogenetic tree constructed for sequenced isolates
of A. marginale, T. annulata and T evansi revealed that
T annulata T3 isolate of Ananthapur origin was 100%
identical and the 7. annulata merozoite surface protein
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Fig. 1: Intra erythrocytic piroplasms of Theileria annulata in
Giemsa stained blood smear of H.F crossbred cattle observed

Fig. 3: Trypanosoma evansi in Giemsa stained blood smear of]
H.F crossbred cattle observed under light microscope (100x). N-
Nucleus, KN - Kinetoplst

Fig. 2: Giemsa stained blood smear of H.F crossbred cattle
revealing the presence of Anaplasma marginale in the RBC,
observed under light microscope (100x)

Fig. 4: Intra erythrocytic piroplasms of Theileria annulata in A.O
stained blood smear of Jersey crossbred cattle observed under
light microscope (100x)

Fig. 5: Fluorescence of Anaplasma marginale is observed in the

margin of RBC of Jersey crossbred cattle (100x)

Journal of Animal Research: v. 11, n. 4, August 2021

Fig. 6: Trypanosoma evansi in A.O stained blood smear of H.F
crossbred cattle observed under fluorescent microscope (100x)
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227 bp

1000 bp

700 bp
500 bp

721 bp

100 bp

Lane M : 100 bp DNA ladder; Lane 1 : Non template control; Lane
2, 3,4, 5, 6 : Samples positive for 7. evansi; Lane 7 : Sample
negative for 7. evansi.

Plate 1: PCR amplification of 227 bp fragment of repetitive
sequence probe pMUTec 6.258 of Trypanosoma evansi from
blood of cross bred cattle

Lane M : 100 bp DNA ladder; Lane 1 : Non template control; Lane
2, 3, 4 : Samples positive for 7. annulata; Lane 5, 6, 7 : Samples
negative for 7. annulata

Plate 2: PCR amplification of 721 bp fragment of major
merozoite surface antigen (Tams1, 30kDa) of Theileria annulata
from blood of crossbred cattle

1000 bp

500 bp

> 458 bp
400 bp

100 bp

Lane M : 100 bp DNA ladder; Lane 1 : Non template control; Lane
2, 3 : Samples positive for 4. marginale; Lane 5 : Positive control;
Lane 4,6,7 : Samples negative for A. marginale.

Plate 3: PCR amplification of 458 bp fragment of major surface
protein (msp 5) of Anaplasma marginale
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M L1 L2 13 L4 L5 L6 L7 L8 L9L10 L11 L12 L13 L14

345 bp

Lane M : 100 bp DNA ladder: Lanel, 2 : Primary PCR product (458
bp) of A.marginale; Lane 3, 4 : Semi nested PCR of msp 5 gene
(458 bp) of A. marginale; Lane 4 to 11 : Semi nested PCR products
(458 bp) of 4. marginale; Lane 12, 13 : Samples negative for A.
marginale; Lane 14 : Non template control.

Plate 4: Nested PCR amplification of major surface protein (msp
5) of Anaplasma marginale from blood of crossbred cattle

Journal of Animal Research: v. 11, n. 4, August 2021
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gene (gene bank accession no KP235484) showed 100%
similarity to IVRI, ICAR Northern region and Tamil Nadu
isolate of Indian origin (Fig. 7).

F MH538109_Theileria_annulata_clone_6-2_merozoite-piroplasm_surfac
KX904525_Theileria_annulata_clone_HN3_piroplasm_surface_antigen
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MF116149_Theileria_annulata_isolate_xinjiang_216_merozoite-pirop
MF116152_Theileria_annulata_isolate_xinjiang_253_merozoite-pirop
AF214806_Theileria_annulata_isolate_S2tC19_merozoite-piroplasm_s|
1 g7y MF346013_Theileria_annulata_isolate_OD2_Tams1_Tams
MF346005_Theileria_annulata_isolate_HR2_Tams!_Tams
AF214847_Theileria_annulata_isolate_tM52_merozoite-piroplasm_sur
MF116147_Theileria_annulata_isolate_xinjiang_195_merozoite-pirop
AF214824_Theileria_annulata_isolate_tM43_merozoite-piroplasm_sur
i AF214849_Theileria_annulata_isolate_tM54_merozoite-piroplasm_sur
AF214854_Theileria_annulata_isolate_tM59_merozoite-piroplasm_sur
- AF214840_Theileria_annulata_isolate_tH1_merozoite-piroplasm_surf
r %- KT222946_Theileria_annulata_isolate_Odisha_major_merozoite_surfa
KP235485 _Theileria_annulata_isolate_T25_merozoite_surface_protei
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—MK874828_Theileria_annulata_isolate_Tams_130_Bihar_merozoite-pir
KP235484 _Theileria_annulata_isolate_T3_merozoite_surface_protein
ME346007_Theileria_annulata_isolate_HR4_Tams1_Tams_gene
MF346012_Theileria_annulata_isolate_ODI_Tams|_Tams

Fig. 7: Theileria annulata phylogenetic analysis

Likewise, T evansi of Andhra Pradesh region sequence
was 100% identical with VSG protein genes already
published in NCBI viz. the accession Nos. MK757490
(south kerala), HM209054 (Israel), JF894242 (UK) (T
evansi) and JQ917146, FN554972 (T. brucei) (Fig. 8).
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XM_011775158_Trypanosoma_brucci_gambicnse_DALI72_hypothetical_pr
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Fig. 8: Trypanasoma evansi phylogenetic analysis

The analysis of the 4. marginale msp5 Andhra Pradesh
gene sequence has got 100% identity with the published
mspS genes of 4. marginale in NCBI viz. the Accession
No0s.K626208, MK715439 of Muryad Region and MG
676463 of Wayand region (Fig. 9).
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Fig. 9: Anaplasma marginale Phylogenetic analysis

DISCUSSION

Out of 85 blood samples screened, 45 were found positive
for various blood parasites with the prevalence rate
of 52.94%. The percent prevalence of blood parasites
in the study was found higher than the earlier reports
of Jayalakshmi et al. (2019) who observed 14.9% of
haemoprotozoans in cattle, respectively; but lower
than the reports of Shashi Kala and Deo (2018), who
recorded 74.47% of prevalence. The difference in percent
prevalence might be due to the variations in sample size,
regions, season and the method of detection (Jittapalapong
et al., 2009). Among 45 positive samples, 25.8%, 20.0%
and 7.0% of cross bred cattle were found infected with
the 4. marginale, T. annulata and T. evansi, respectively
and these findings were in concordance with the findings
of Jayalakshmi er al. (2019) who reported highest
prevalence of anaplasmosis followed by theileriosis and
trypanosomosis. Higher prevalence of blood parasites in
the present study was in correlation with the availability of
its suitable vectors viz. Tubanus, Stomoxys, Rhipicephalus,
Boophilus spp. and Hyalomma spp. in the semi-arid region
of Andhra Pradesh could be due to the prevailing hot and
humid weather and the same was reported by Rajendaran
and Hafeez (2003).

Between crossbred cattle, the prevalence of blood parasites
were higher among H.F x cattle (58.8%) as compared to
Jersey x (44.1%), this finding was in accordance with
Velusamy et al. (2014) who reported higher prevalence
of haemoprotozoan diseases in H.F and Jersey cross than

605



&) Sravanthi et al.

indigenous breed. The higher prevalence of 7. annulata
in H.F (25.5%) than Jersey (11.7 %) cross bred cattle was
also accorded with the findings of Naik ez al. (2016), who
reported higher prevalence of 7. annulata infection in H.F
(29.85%) followed by Jersey (23.33 %).

Staining methods

Through Giemsa’s staining, the highest incidence was
observed for T" annulata (7.0%) followed by A. marginale
(5.8%) and T. evansi (4.7%) was in support with the
findings of Shashi Kala and Deo (2018) and Maharana et
al. (2016), who reported higher prevalence of theileriosis
followed by anaplasmosis and trypanosomosis in cattle of
Bihar and Haryana states. Microscopic finding of higher
prevalence of 7. annulata than A. marginale might be
due to the fluctuating nature of 4. marginale organisms
during the course of its pathogenicity. Further it would be
difficult to differentiate between Anaplasma organisms
and structures like Howell-Jolly bodies, Heinz bodies and
other staining artifacts which often commonly encountered
during routine blood smear examination. The similar
difficulty in screening of Anaplasma organisms through
Giemsa’s staining was reported by Carelli et al. (2007).

In comparison to Giemsa’s staining (17.6%), AO staining
detected 31(36.4%) positive cases and found to be
accurate, simple and rapid for screening large number of
blood smears for the detection of haemoprotozoan and
rickettsial organisms. Highest prevalence was observed
for T annulata (15.2%) followed by A. marginale (14.1%)
and T evansi (7.0%). Similarly, Nair et al. (2011) in
Kerala found 50.0% positivity of haemoprotozoans on AO
staining and 43.33% positivity with Giemsa’s staining in
cattle.

Molecular analysis

The DNA extracted from 85 blood samples were
subjected to PCR assay and 45 were detected positive for
different blood parasites at 25.8% (22/85), 20% (17/85)
and 7% (6/85) for A. marginale, T. annulata and T
evansi, respectively. However, N. caninum and T. foetus
were not been detected from either of the 26 tissues and 85
cervico vaginal contents. In contrast to the present findings,
Sengupta et al. (2012) established the seroprevalance of
N. caninum in India and none of the reports claimed the
detection of gDNA of N. caninum.
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The T. evansi specific primers used in the present study
amplified the expected amplicon size of 227bp as
previously described by Wuyts et al. (1994). Similar
amplicon sizes using similar primers were also obtained
by Bal et al. (2014). Theileria annulata identification by
PCR was done by gene encoding 30 kDa major merozoite
surface protein (Tams1). The amplified PCR product size
of 721 bp confirmed the presence of 7. annulata in 17
(21.1%) out of 85 crossbred cattle. Under the molecular
survey, more number of A. marginale positive cases was
encountered with an opinion; Anaplasma could be the
major cause in inducing sub clinical infertility/abortion.
Initially, only 13 positive cases were detected by primary
PCR targeting msp5 gene, whereas with the help of semi-
nested PCR, 22 samples were confirmed positive for A.
marginale. The result evolved in this study implies that
nested PCR was sensitive than primary PCR and these
observations were in agreement with Singh et al. (2012),
who reported higher prevalence of A. marginale infection
in semi-nested PCR (73.1%) than primary PCR (45.2%) in
cattle of Punjab, India. There could be several reasons for
the highest prevalence of A. marginale than T. annulata and
T. evansi in crossbred cattle with the history of infertility.
To mention few, higher prevalence of 4. marginale
compared to 7. annulata and T.evansi could be due to
the availability of vast range of vectors viz. hard ticks
and other haematophagus insects. Unlike Theileria, the
appearance of immunity against re-infection remains poor
in A. marginale and hence the possibility of reoccurrence
of subclinical status of the disease in cattle would prevail
commonly in the field. Moreover, higher percentage of
A. marginale in PCR could be attributed to the fact that
non-descriptive cattle, sheep and goat which acts as a long
term carrier to anaplasma and other haemoprotozoans
might have acted as a potential source of infection to the
crossbred population (Noaman et al., 2009). Further, the
latrogenic transmission of anaplasmosis could be attributed
due to the routine practice of utilizing the same needle for
vaccinating the complete herd (Reinbold et al., 2010).
The common occurrence and transmission of sub clinical
anaplasmosis via various blood sucking arthropods and
contaminated fomites were also recorded by Kocan et al.
(2010). Similar reports were documented about the carrier
state of 4. marginale in cattle by Singh et al. (2012a).
The Anaplasma induced abortion could be due to oxygen
deprivation, which results in death of foetus (De- Whittier
et al., 2007). The PCR method of diagnosis revealed high
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prevalence of hemoprotozoans (52.9%) when compared
to Giemsa’s (7.0%) and Acridine Orange (20.0%) staining
methods. PCR showed maximum sensitivity in detecting
organisms when compared to the conventional staining
techniques and these findings were totally in agreement
with the earlier reports of Nair ez al. (2011).

Phylogenetic analysis revealed 7. annulata T3 isolate of
Anantapur origin was 100% identical and the 7. annulata
merozoite surface protein gene (gene bank accession
no KP235484) showed 100% similarity to IVRI, ICAR
Northern region and Tamilnadu isolate of Indian origin.
The 100% similarity of Tams 1 gene between states of
India could be due to the exchange of crossbred cattle
between various states. Further, due to the adaptation of
the scheme on free distribution of cross breed milch cow
to the poor farmers, facilitated by the animal husbandry
department could act as carriers and the similar strain
might propagate and establish between the states. The
results in the study are in accordance with the Kumar et
al. (2019) who reported the phylogentic analysis of Tams
gene and found homologies in the range of 65.8-97.2%
with various isolates across India and abroad. Acharya et
al. (2017) reported that Tams-1 gene was having homology
with other Indian strains of Andhra Pradesh, Tamil Nadu
and Kerala.

In the study, the phylogenetic analysis of the 7. evansi of
Andhra Pradesh region sequence was 100% identical with
VSG protein genes already published in NCBI viz. the
accession Nos. MK757590 (South Kerala), HM209054
(Israel), JF894242 (UK) (T evansi) and JQ917146,
FNS554972 (T. brucei). With other sequences compared, a
total of 10 clusters with the variation ranging from 0.446%
(AY046896) to 0.914 % MK752395) was recorded and
the results were in correlation with previous studies on
phylogenetic analysis of 7. evansi by Elhaig et al. (2018)
who reported a significant similarity of 97% identity with
Israel isolate. Devi et al. (2017) reported 100.0% sequence
homologies with all the other known 7. evansi sequences,
viz. buffalo, camel and horseisolates from Karnataka
and Bikaner, India (EF495337, JX134605, AB259839);
Kenyan isolate (AF317914); camel and cattle isolates from
Egypt (JX888091, KF726106), respectively. In contrast to
our report Sudan et al. (2017) recorded RoTat 1.2 VSG
of T. evansi isolate of equine origin with 100% homology
with Egyptiancamel isolate but lesser homology with that
of Indian camel and buffalo isolates.
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The analysis of the A. marginale msp5 Andhra Pradesh
gene sequence has got 100% identity with the msp5 gene
sequence of 4. marginale in NCBI viz. the Accession
Nos.K626208, MK715439 of Muryad Region and
MG 676463 of Wayand region. Similarly reports of
Moumouni et al. (2015) showed 99.8% identity of A.
marginale msp5 sequences [KP347553 and KP347554]
with Australia [CP006847], Philippines [AB704328] and
China [EF546443] isolates and no appreciable variations
in msp5 sequence of A. marginale between the different
geographical isolates.

CONCLUSION

The present study identified higher occurence of A.
marginale, T. annulata and T. evansi in animals with the
history of infertility and abortions which can be co-related
as a cause. Further the study emphasise that PCR based
assay have greater utility when compare to conventional
test for screening of these blood parasites. This study also
recommends semi nested PCR as an effective tool for the
screening of A. marginale.
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