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ABSTRACT
Background: Brucellosis is a major zoonotic disease that affects people all over the world. Metritis, mastitis, repeat breeding,
abortion in the last trimester of pregnancy, retention of placenta and reduced milk production are all symptoms of Brucellosis in the
female bovines, whereas epididymitis, orchitis and sterility are symptoms in the male animals. In humans flu-like to undulant fever,
arthritis, orchitis and epididymitis can be detected.
Methods: A total of 470 bovine samples (serum, whole blood, milk samples) were taken from four districts of western Uttar Pradesh.
The 262 sera samples were processed and subjected to RBPT, STAT and ELISA for the determination of seroprevalence of brucellosis
and 108 whole blood samples were subjected to molecular analysis by PCR for the disease.
Result: Out of 262 (203 cattle and 59 buffalo) serum samples, the seroprevalence of brucellosis in 203 cattle serum sample was
found to be 11.82%, 16.25% and 8.37%. Whereas, in 59 buffalo serum samples, the seroprevalence was 3.38%, 15.25% and 0.00%
by RBPT, STAT and I-ELISA respectively. Out of 108 whole blood samples, 5 were positive in molecular detection by PCR giving a
prevalence rate of 1.62%.
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INTRODUCTION
Brucellosis is one of the most important contagious and
communicable bacterial diseases, with a worldwide
distribution. It is reported from almost 86 countries and is
classified as re-emerging though neglected zoonosis with
high rates of morbidity and lifetime sterility stated by Trujillo
et al. (1994). Though it has been eradicated in many
developed countries of Europe, Australia, Canada, Israel,
Japan and New Zealand  Geering et al. (1995) yet remains
highly endemic in Africa, Mediterranean, Middle East, parts
of Asia and Latin America (Refai, 2002) due to poor
management, limited resources (Khan and Zahoor, 2018),
increased trade and frequent movement of livestock
Renukaradhya et al. (2002). Schwabe, a WHO consultant
estimated an annual loss in India to be Rs 240 million in
livestock, Rs 120 millions in human beings and brucellosis
costs Rs 350 million in the form of food animals. There is a
several routes for Brucellosis transmission which includes
mother to offspring before or at the birth, through milk, by
sexual contact, direct physical contact, from polluted
environments and from eating  spoiled raw meat mainly
placenta and birth products. Brucellosis is caused by
members of genus Brucella which are small, non-motile,
facultative aerobic, intracellular, Gram-negative coccobacilli.
The ability of Brucella to replicate and persist in host cells is
directly associated with its capacity to cause persistent
disease and to circumvent innate and adaptive immunity
(Fichi, 2003). The classical species of Brucella and their
major hosts are Br. abortus (cattle), Br. Melitensis (goats),
Br. suis (swine) and Br. ovis (sheep). In bovines, the disease
is clinically characterized by metritis, mastitis, repeat

breeding, abortion in the last trimester of pregnancy,
retention of placenta and reduced milk production in the
females and epididymitis, orchitis and sterility in males
Radostits et al. (2000). In humans, brucellosis is considered
to be an occupational disease that mainly affects slaughter
house workers, butchers and veterinarians. The presence
of brucellosis in India was first established early in the
previous century and since then it has been endemic in
almost all the states (Sehgal and Bhatia, 1990;
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Renukaradhya et al., 2002). Livestock production is a vital
source of providing dietary protein for the rapidly growing
human population and it is therefore, important to define
clear and effective strategies for controlling infectious
diseases like brucellosis that are undermining the livestock
industry and are a cause of major economic loss to our country.

MATERIALS AND METHODS
Source and place of samples collection
The present study was conducted in four districts viz.,
Aligarh, Firozabad, Hathras and Mathura located in western
part of Uttar Pradesh, India, from October 2017 to July 2018.
These districts were chosen because of the presence of
large number of smallholder dairy producers, gaushalas and
good animal husbandry techniques. During the present
study, a total of 470 samples (serum, whole blood, milk)
were aseptically collected from the selected animals (cattle
and buffaloes) from the above mentioned areas and
processing of sample performed at the department of
Epidemiology and Preventive Medicine, DUVASU, Mathura,
U.P. Total 262 serum samples were collected for serological
diagnosis and PCR assay. About 5-10 ml of blood was
collected by puncturing the jugular vein in sterile disposable
syringes (Dispovan) or plain vaccutainers (BD, USA) for
serum collection. Care was taken to avoid shaking the
samples during transportation to prevent the destruction of
the RBCs.  Serum was collected from the clotted blood after
centrifugation at 4000 rpm for 10 min. A total of 108 whole
blood samples were collected for PCR assay in EDTA
vaccutainers (BD, USA). 100 milk samples were collected
in sterile polypropelene tubes for PCR assay. The samples
were transported immediately to the laboratory on ice pack.
The individual animals in the present study were identified
by their respective identification numbers or names. None
of the animals was vaccinated against brucellosis. All the
serum samples, blood sample and milk sample were stored
at -20C till tested.

Prevalence based on different serological tests
RBPT and STAT antigens were procured from BP Division,
Indian Veterinary Research Institute, (IVRI), Izatnagar, India.
RBPT antigen was an 8% suspension of pure smooth killed
cells of Brucella abortus strain 99 phenolised and stained
with rose Bengal dye. Rose bengal plate test is a single
dilution serum agglutination test. It was performed on glass

slides according to the method described by Alton et al.
(1988). To perform STAT in a serum samples, heat killed
phenolised suspension of Brucella abortus strain 99 plain
antigen was taken. The ELISA test kit was purchased from
National Institute of Veterinary Epidemiology and Disease
Informatics (NIVEDI) (Formerly PD-ADMAS) Hebbal
Bengaluru, Karnataka, India and the contents were stored
at 4-8C until use. The test was performed as per the
manufacturer’s protocol.

Molecular characterization of Brucella by PCR
Bacterial DNA from whole blood and serum was extracted
by Phenol Chloroform Method (Sambrook and Russel, 2001)
and from milk sample as per Pokorska et al. (2016) method.
PCR analysis for Brucella genus specific bcsp31 gene was
carried out according to the method described by Baily
et al. (1992) (Table 1). The final reaction volume of 25 μl
was obtained by adding 12.5 μl of Master mix (Genie,
Banglore), 3 μl of DNA template, 1μl of each of the primers
(forward and reverse) made up by adding nuclease free
water. For bcsp31 gene amplification, the initial denaturation
step was carried out at 95C for 3 min followed by
denaturation at  95C for 30 sec., annealing at 63C for 45
sec., extension 72C for 45 sec and a final extension step
at 72C for 10 min. Brucella species specific IS711 gene
amplification, the PCR conditions were an initial denaturation
step at 95C for 10 min, denaturation at  94C for 1 min.,
annealing 58C for 1 minute, extension 72C for 1 min. and
followed by a final extension step at 72C for 7 minute. For
each gene 35 amplification cycles were performed. After
the amplification, amplicons were separated in 1.5% gel in
tris-acetate EDTA (TAE) buffer at 60 volt for 80 min, stained
with 0.5% ethidium bromide solution and visualized under
ultraviolet light.

RESULTS AND DISCUSSION
In this study, a total of 470 samples from 203 cattle and 59
buffaloes were collected including 262 serum samples from
203 cattle and 59 buffaloes which were screened for
seroprevalence of bovine brucellosis using RBPT, STAT and
I-ELISA. The overall seroprevalence of bovine brucellosis
was found to be 9.92%, 16.03%, 6.48% by RBPT, STAT
and I-ELISA respectively. The distribution of antibodies
against Brucella antigen varied significantly between cattle
and buffalo, according to a species-wise seroprevalence
investigation (Table 2). By RBPT, STAT and I-ELISA, the

Table 1: Details of primers used for PCR reaction for Brucella genes.

Gene target and
size of amplified Primers Sequences (5-3) Reference
product (bp)

bcsp31 (223bp) B4 (Forward) 5-TGG-CTC-GGT-TGC-CAA-TAT-CAA-3 Baily et al.
B4 (Reverse) 5-CGC-GCT-TGC-CTT-TCA-GGT-CTG-3  (1992)

IS711 (498bp) IS711 (Forward) 5-TGC-CGA-TCA-CTT-AAG-GGC-CTT-CAT-3 Bricker and
IS711 (Reverse) 5-GAC-GAA-CGG-AAT-TTT-TCC-AAT-CCC-3 Halling, (1994)
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seroprevalence in cattle was 11.82 per cent, 16.25 per cent
and 8.37 per cent, whereas it was 3.38 per cent, 15.25
percent and 0 per cent in buffalo serum samples. As a result,
cattle had a higher prevalence of the disease than buffalo,
but there was no difference that was statistically significant
(p=0.0565). According to I-ELISA, Kebede et al. (2008)
(11%), Eshetu et al. (2005) (10%) and Aggad and Boukra
(2006) (9.7%) observed almost identical seroprevalences
of bovine brucellosis. There have been reports of higher
prevalence rates in cattle (10.74%). Ahmad et al. (2009)
(25.7%) in Jordan, Mishra et al. (2022) in India, Junaidu et al.
(2011) in Nigeria and Ahmad et al (32.2 per cent ). In
agreement with the results of this study, studies by
Krishnamoorthy et al. (2015) and Tragandi et al. (2015)
estimated the prevalence of I-ELISA to be 11.63 per cent in
Southern India, 6.8 per cent in Andhra Pradesh, 8.2 per
cent in Gujrat and 2.3 per cent in Odisha. Kassahun (2004)
observed somewhat lower prevalence rates for intensive
(2.5%) and extensive farms (1.7%) in Southern Ethiopia,
whereas Berhe et al. (2007) reported slightly higher
prevalence rates (3.19%) for extensive agricultural systems
in Algeria.

Molecular detection
Serum (100 samples), whole blood (108 samples) and milk
(100 samples) were subjected to PCR assay and amplicons
of 223 bp of Brucella bcsp 31 gene (genus specific Fig 1)
Baily et al. (1992) and 498 bp of Brucella species specific
IS711 (Fig 2) gene (Bricker and Halling, 1994) were obtained.
Out of 100 serum samples, none was by PCR while out of
108 whole blood samples, 3 and from 100 milk samples, 2
were found positive by PCR (Fig 1). None of the serum
samples yielded DNA which implied that Brucella organism
was not present in the serum of those animals even though
the antibody titre was quite high leading to positive results
in serology Singh et al. (2010). Various PCR procedures
have been developed for the detection of Brucella (Probert
et al., 2004; Tanmay, 2007; Zamain et al., 2015). B. abortus
is an intracellular bacteria and this poses a problem for
selection of a suitable sample (Wattam et al., 2009). Only
during acute phase of infection, it circulates in blood, mostly
inside the white blood cells and hides itself in mammary
organs, genital organs and lymph nodes (Morgan and
Mackinnon, 1979) hence sample should be selected
according to the phase of Brucella’s life cycle which is not
practically possible to find out. The wide variation in the

number of samples detected as positive by RBPT (26),
STAT (42), ELISA (17) and PCR (5) might be due to many
factors. Whole blood was found to be the better sample
out of serum, whole blood and milk for DNA extraction to
perform PCR assay as DNA might have been in very low
or negligible quantity in serum and in milk, presence of fat
globules and other proteins might have inhibited the DNA
yield. Karthik et al. (2014) also performed bcsp 31 gene
based PCR and species specific IS711 gene based PCR
using whole blood samples to detect 15.13% positivity.
Their results indicated that whole blood can be used for
studying the molecular epidemiology of B. abortus in bovine
and particularly detecting the active phase of infection.
Further, at the time of equilibrium of host parasite
interaction, the Brucella may persist in circulation for some
time before getting localized in their preferred sites. Similar
results that DNA can be extracted from whole blood and
used as a sample for screening for brucellosis has been
reported by Guarino et al. (2000) in buffaloes, Keid et al.
(2010) in dogs and Khamesipour et al. (2013) in cattle and
sheep. Nakkas et al. (2002) and Leal-Klevezas et al. (2000)
used buffy coat instead of whole blood for DNA extraction
as macrophages take up brucellae but it needs additional
steps (Mitka et al. 2007) and hence the use of whole blood
as such was tried in this study with better results. Use of
commercially available kits have been said to have
improved the quality as well as the quantity of extracted
DNA (Queipo-Ortuno et al., 2008; Keid et al., 2010) as
compared to conventional DNA extraction method. Alamian
et al. (2017) described a novel PCR assay for detecting
Brucella abortus. Daugaliyeva et al. (2016) developed a
differential PCR assay for detection of Brucella abortus.
Orizil et al. (2016) conducted a multiplex PCR technique
for detection of Brucella spp. Hemande and Gandge (2016)
showed that PCR-SSCP is more sensitive than PCR-RFLP
for detection of polymorphism in bcsp31 gene. Arasoglu
et al. (2013) detected Brucella genus specific bcsp31 PCR
from tested milk samples. In a study by Rekha et al. (2013),
none of the samples of blood, milk and serum were positive
for b rucellosis. Various factors like t ime of sample
collection, infection status of the animal, condition of farm,
number of samples collected can influence the results. The
better molecular diagnostic approach for screening of field
animals and for increased sensitivity and higher specificity
or more than one marker-based PCR could be used.

Table 2: Species wise seropositivity of bovine brucellosis (cattle and buffalo) detected by RBPT, STAT and I-ELISA.

No. of No. of samples Percent No. of samples Percent   No. of samples Percent
Species serum positive positivity positive positivity positive positivity p value

sample by RBPT by RBPT by STAT by STAT by I-ELISA by I-ELISA

Cattle 203 24 11.82% 33 16.25% 17  08.37% 0.0565
Buffalo 59 02 03.38% 09 15.25% 00 00.00%
Total 262 26 08.46% 42 09.35% 64 11.28%
p>0.05 at 5% level of significance.
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CONCLUSION
Among the suitability of different samples viz. whole blood,
serum and milk for PCR assay, whole blood was found to
be better than the other two. As the percent positivity by
whole blood was found to be 2.8% in comparison to that of
milk (2%) and none by serum. So combination of RBPT,
STAT and I-ELISA and confirmation by PCR assay using
whole blood was found to be the most suitable combination
for the confirmatory diagnosis of bovine brucellosis in
absence of isolation of the organism. The incidence of
brucellosis cases is increasing over the recent years
especially in developing countries due to poor management,
limited  resources and increased trade and frequent
movement of livestock. The disease’s higher prevalence in
this location raises the likelihood of zoonotic transmission,
posing a substantial threat to the human population as well
as a significant economic impact due to lost production and
animal population.

ACKNOWLEDGEMENT
The authors are highly thankful to Indian Council of
Agricultural Research, New Delhi and Dean, College of
Veterinary Science and Animal Husbandry, Uttar Pradesh
Pandit Deen Dayal Upadhayay Pashu Chikitsa Vigyan
Vishvidhyalaya Ewam Go-Anusandhan Sansthan
(DUVASU), Mathura, U.P., India, for providing necessary
funds and facilities to carry out the investigations.
Conflict of interest: None.

REFERENCES
Aggad, H. and Boukra, L. (2006). Prevalence of bovine and

human brucellosis in western Algeria: Comparision of
screening tests. Eastern Mediterranean Health Journal.
12: 119-24.

Ahmed, A.M. (2009). Seroprevalence of Cattle Brucellosis in Gabiley
District, Somaliland. Master’s Thesis Submitted to Sheikh
Technical Veterinary School, Somaliland.

 

1000bp 

223bp 

500bp 

100bp 

Lane  1   2     3     4     5     6     7    8     9    10     11     12    13    14     15   16

Fig 1: Agarose gel showing PCR amplified product for Brucella genus specific gene.
Lane: 16: 100bp DNA Ladder; Lane: 15: bcsp31 gene.

Lane     1     2      3     4     5     6    7     8     9    10      11    12    13    14    15

Fig 2: Agarose gel showing PCR amplified product for Brucella species specific genes.
Lane 1: 100 bp DNA Ladder; Lane 6 and 9: IS711 gene.

1000bp 

500bp 

100bp 

498bp 



 Volume  Issue 5

Comparative Efficacy of Serological Tests and Molecular Analysis of Bovine Brucellosis in Western Uttar Pradesh

Alamian, S., Esmaelizad, M., Zahraei, T., Etemadi, A., Mohammadi,
M., Afshar, D., Ghaderi, S. (2017). A novel PCR assay
for detecting Brucella abortus. Osong Public Health and
Research Perspectives. 8(1): 65-70.

Alton, G.G., Jones, L.M., Angus, R.D., Verger, J.M. (1988). Techniques
for the Brucellosis Laboratory (2nd edn.), INRA, Paris, France.

Arasoglu, T., Gulluce, M., Okzan, H., Adiguzel, A. and Sahin, F. (2013).
PCR detection of Brucella abortus in cow milk samples
collected from Erzurum, Turkey. Turkis Journal of Medical
Research. 43: 501-508.

Baily, G.G., Krahn, J.B., Drasar, B.S. and Stoker, N.G. (1992). Detection
of  Brucella melitensis and Brucella abortus by DNA
amplification. American Journal of Tropical Medicine and
Hygiene. 95: 271-275.

Berhe, G., Belihu, G., Asfaw, A. (2007). Seroepidemiological Investigation
of Bovine Brucellosis the Extensive Cattle Production
System of Tigray Region of Ethiopia. International Journal
of Applied Research in Veterinary Medicine. 5: 265-70.

Bricker, B.J. (2002). PCR as a diagnostic tool for brucellosis.
Veterinary Microbiology. 90: 435-446.

Bricker, B.J. and Halling, S.M. (1994). Differentiation of Brucella
abortus by 1, 2 and 4, Brucella melitensis, Brucella ovis
and Brucella suis by PCR. Journal of Clinical Microbiology.
32: 2660-66.

Daugaliyeva, A., Pcletto, S., Sultanov, A., Baramova, S., Acutis,
P.L., Adambaeva, A., Tusipkanuly, O. and Usserbayev,
B. (2016). Development of a differential PCR assay for
detection of Brucella abortus and Brucella melitensis.
Journal of Food Quality and Hazards Control. 3(2): 53-59.

Eshetu, Y., Kassahun, J., Abebe, P., Beyene, M., Zewdie, B., Bekele,
A. (2005). Seroprevalence study of brucellosis Trop Anim
Health Prod on dairy cattle in Addis Ababa. Bulletin of
Animal Health and Production in Africa. 53: 211-214.

Fichi, T.A. (2003). Intracellular survival of Brucella: Defining the
link with persistence. Veterinary Microbiology. 92: 213-223.

Geering, W.A., Forman, J.A., Nunn, M.J. (1995). Exotic Diseases
of Animals, Aust. Gov. Publishing Service, Canberra, Australia.
Pp 301-06.

Guarino, A., Serpe, L., Fusco, G., Scaramuzzo, A., Gallo, P. (2000).
Detection of Brucella species in buffalo whole blood by
gene-specific PCR. Veterinary Record. 147: 634-636.

Hemade, M.V. and Gandge, R.S. (2016). Molecular typing of Brucella
species by PCRRFLP and SSCP. Indian Journal of Animal
Science. 86(5): 502-507.

Junaidu, A.U., Oboegbulem, S.I., Salihu, M.D. (2011). Serological
survey of Brucella antibodies in breeding herds. Journal
of Microbiology and Biotechnology Research. 1: 60-65.

Kassahun, A. (2004). Epidemiology of brucellosis in cattle and its
seroprevalence in animal health professionals in Sidama
Zone, Southern Ethiopia. Master’s Thesis, FVM, AAU,
Debre Zeit, Ethiopia.

Karthik, K., Rathore, R., Thoman, P., Elamurugan, A., Arun, T.R.,
Dhama, K. (2014). Serological and Molecular detection
of Brucella abortus from cattle by RBPT, STAT and PCR
and sample suitability of whole blood for PCR. Asian
Journal of Animal and Veterinary Advances. 9(4): 262-269.

Kebede, T., Ejeta, G., Ameni, G. (2008). Seroprevalence of bovine
brucellosis in small holder farms in central Ethiopia (Wuchale
-Jida district). Revue de Medecine Veterinaire. 159: 3-9.

Keid, L.B., Soares, R.M., Vasconcellos, S.R., Salgado, V.R., Megid,
J., Richtzenhain, L.J. (2010). Comparison of a PCR assay
in whole blood and serum specimen for canine brucellosis
diagnosis. Veterinary Record. 167: 96-99.

Khamesipour, F., Doosti, A., Taheri, H. (2013). Molecular detection
of Brucella spp. in the semen, testis and blood samples
of the cattle and sheep. Journal of Pure Applied Microbiology.
7: 495-500.

Khan, M.Z. and Zahoor M. (2018). An Overview of brucellosis in
Cattle and Humans and its serological and molecular
diagnosis in control strategies. Tropical Medicine and
Infectious Disease. 3(2): 65. 10.3390/tropicalmed3020065.

Krishnamoorthy, P., Patil, S.S., Shome, R., Rehman, H. (2015).
Seroepidemiology of infectious bovine rhinotracheitis and
brucellosis in organised dairy farms in Southern India.
Indian Journal of Animal Science. 85(7): 695-700.

Leal-Klevezas, D.S., Martinez, V.I.O., Garcia, C.J., Lopez, M.A.,
Martinez, S.J. (2000). Use of polymerase chain reaction
to detect Brucella abortus biovar 1 in inferted goats.
Veterinary Microbiology. 75: 91-97.

Mishra, R.P., Jain, U., Sharma, B., Kusum, K., Singh, N. (2022).
Seroprevalence and Molecular detection of Bovine
Brucellosis.Indian Journal of Animal Research. DOI:10.
18805/IJAR.B4724.

Mitka, S., Anetakis, C., Souhou, E., Diza, E., Kansouzidou, A. (2007).
Evaluation of different PCR assay for early detection of
acute and relapsing brucellosis in humans in comparison
with conventional method. Journal of Clinical Microbiology.
45: 1211-1218.

Morgan, W.J. and Mackinnon, D.G. (1979). Brucellosis, In: Fertility
and Infertility in Domestic Animals, Laing, JA(Ed). 3rd

Edition, Bailliere Tindall, London, UK. pp: 171-198.
Nakkas, A.F., Wright, S.G., Mustafa, A.S., Wilson, S. (2002). Single-

tube, nested PCR for the diagnosis of human brucellosis
in Kuwait. Annals of Tropical Medicine and Parasitology.
96: 397-403.

Orzil, L.D.L., Preis, I.S., Almeida, I.G.D., Souza, D.P.G., Filho, P.M.S.,
Jacinto, F.B., Junior, A.A.F. (2016). Validation of multiplex
PCR for identif ication of Brucella spp; Ciencia Rural,
Santa Maria. 46(5): 847-852.

Pokorska, J., Kulaj, D., Dusza, M., Buczek, J.Z., Makulska, J. (2016).
New rapid method of DNA isolation from milk somatic
cells. Animal Biotechnology. 27(2): 113-117.

Probert, W.S., Schrader, K.N., Khuong, N., Bystrom, S.L., Graves,
M.H. (2004). Real-time multiplex PCR assay for detection
of Brucella spp., B. abortus and B. melitensis. Journal of
Clinical Microbiology. 42: 1290-1293.

Queipo-Ortuno, M.I., Tena, F., Colmenero., Morata, P. (2008). Comparison
of seven commercial DNA extraction kit for the recovery
of Brucella DNA from spiked human serum samples using
real- time PCR. Europian Journal of Clinical Microbiology
and Infectious Disease. 27: 109-114.

Radostits, O.M., Gay, C.C., Blood, D.C., Hinchliff , K.W. (2000).
Veterinary Medicine: A Text Book of Diseases of Cattle,
Sheep, Pigs, Goats and Horses W.B. Saunders Company
Ltd, 9th edition. 867-881.

Refai, M. (2002). Incidence and control of brucellosis in the Near
East region. Veterinary Microbiology. 90: 81-110.



                                                                                                                                                                                    Indian Journal of Animal Research6

Rekha, B.V., Subramanian, A., Gowry, Y. (2013). A study on bovine
brucellosis in an organized dairy farms. Veterinary world.
6: 681-685.

Renukaradhya, G.J., Isloor, S., Rajasekhar, M. (2002). Epidemiology,
zoonotic aspects, vaccination and control/eradication of
brucellosis in India. Veterinary Microbiology. 90: 183-195

Sambrook, J. and Russel, D.W. (2001). Molecular Cloning: A Laboratory
Manual, 3rd Ed. Cold Spring Harbor Laboratory Press,
New York, USA. 545-547.

Sehgal, S. and Bhatia, R. (1990). Zoonoses in India. Journal of
Communicable Disease. 22: 227-235.

Singh, A., Agrawal, R., Singh, R., Singh, D.K., Pande, N. (2010).
Seroprevalence of Brucellosis in small ruminants. Indian
Veterinary Journal. 87: 224-225.

Tanmay, J.P. (2007). Serological, Cultural and Molecular Detection
of Brucella Infection in Bovine Including Quantification
in Milk by Real Time PCR. Mvsc Thesis Submitted to the
Anand Agricultural University, Anand (Gujarat), India.

Trangadia, B.J., Toft, N., Nagamani, K., Rana, S.K., Srinivasan,
V.A. (2015). Evaluation of ELISA kits for brucellosis in
naturally infected Indian cattle population by latent class
analysis. Indian Journal of Animal Science. 85(1): 27-31.

Trujillo, I.Z., Zavala, A.N., Cacres, J.G., Miranda, C.Q. (1994).
Brucellosis. Infectious Disease clinics of North America.
8: 225-241.

Wattam, A.R., Williams, K.P., Snyder, E.E. (2009). Analysis of ten
Brucella genome reveals evidence for horizontal gene
transfer despite a preferred intracellular lifestyle. Journal
of Bacteriology. 191: 3569-3579.

Zamanian, M., Tabar, G.R.H., Rad, M., Haghparast, A. (2015).
Evaluation of Different Primers for detection of Brucella
in Humans and Animal Serum Samples by using PCR
method. Archives of Iranian Medicine. 18(1): 44-50.

Comparative Efficacy of Serological Tests and Molecular Analysis of Bovine Brucellosis in Western Uttar Pradesh


