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ABSTRACT

In this study, atotal 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. Further, 108 whole
blood samples and 100 milk samples were aso collected and processed for molecular
detection of Brucella. This study also considered the effect of various epidemiologica
parameters like place or geographical area, species, age, rearing practice and health status
with reproductive problems on the occurrence of the disease in the population. RBPT, STAT
and I-ELISA tests used for diagnosis of brucellosis were compared for sensitivity and
specificity of the diagnostic test.

The overall seroprevalence was found 9.92%, 16.03%, 6.48% by RBPT, STAT and I-
ELISA respectively. Species wise seroprevalence of brucellosis found in cattle 11.82%,
16.25%, 8.37% by RBPT, STAT and I-ELISA respectively while in buffal oes seroprevalence
were found 3.38%, 15.25% and 0% by RBPT, STAT and I-ELISA respectively. On the other
hand age wise seroprevalence in young animals were 7.76%, 13.04% and 4.34% by RBPT,
STAT and I-ELISA respectively while in adult animals 11.17%, 17.64% and 7.64% by
RBPT, STAT and I-ELISA respectively. Unorganized rearing of animals were show
seroprevalence 8.68%, 5.43% and 6.52% by RBPT, STAT and I-ELISA while the
seroprevalence of organized rearing of animals were 10.58%, 21.76%, 6.47% by RBPT,
STAT and I-ELISA respectively. RBPT, STAT and I-ELISA were compared against each
other by applying Kappa Statistics and concordance percentage. According kappa statistics,
moderate agreement (0.5547) was present between RBPT and I-ELISA while STAT and |-
ELISA showed fair agreement (0.3061). Similarly concordance between RBPT and I-ELISA
was more (91.98%) as compared to STAT and I-ELISA (85.87%).

Molecular detection of Brucellosis by PCR assay from serum (100 samples), whole
blood (108 samples) and milk (100 samples) revealed the total positive samples 5 out of 308
(1.62%). None of the sera samples were found positive by PCR whereas 3(2.8%) and 2(2%)
from whole blood and milk samples, respectively were found positive and showed amplicons
of 223bp confirming Brucella genus and amplicon of 498bp confirming Brucella abortus. So
among samples processed for PCR, whole blood was found to be better than milk and serum.

Hence, a combination of RBPT, STAT and I-ELISA were found to be the most
suitable serological tests for the confirmation of Brucellosis and in case where infection is not
established or pronounced, confirmation by PCR using whole blood might be most suitable

for the diagnosis of bovine brucellosis.






CHAPTER-1

INTRODUCTION

Brucellosis is one of the most important contagi@rsd communicable
bacterial diseases, with a worldwide distributiamdds endemic in most parts of
world especially the developing countries (Trujibd al., 1994). It is considered a
re-emerging though neglected zoonosis with higlesraif morbidity and lifetime
sterility. The incidence of brucellosis cases isr@asing over the recent years
especially in developing countries due to poor myanzent, limited resources (Khan
and Zahoor, 2018) and increased trade and frequoentement of livestock
(Renukaradhya et al., 2002). Though it has beediaai®d in many developed
countries in Europe, Australia, Canada, Israeladamd New Zealand (Geering et al.,
1995) yet remains as highly endemic in Africa, Medanean, Middle East, parts of
Asia and Latin America (Refai, 2002).

The economy of India is dependent mainly agriculture. Livestock
production is a vital source of providing dietaryofein for the rapidly growing
human population and it is therefore, importantd&dine strategies for controlling
infectious diseases that are undermining the logdstindustry. The presence of
brucellosis in India was first established earlyha previous century and since then it
has been endemic in almost all the states (SeimgaBhatia, 1990; Renukaradhga
al., 2002).

Taxonomically, Brucella are classified as alfa-proteobacteria having 6
classical species (Moreno and Moriyon, 2001) nanBzlycella abortus (cattle and
buffalo), Brucella melitensis (goat, sheep and cameBy,ucella ovis (sheep)Brucella
canis (dogs),Brucella suis (pigs) andBrucella neotomae (desert wood rat). Recently
new species have been included Brepinnipedialis and B. cetaceae (in marine
mammals)B. microti (in common vole Microtusarvalis), afgl inopinat (in a breast
implant) (Foster et gl2007; McDonald et al., 2006). The main pathogepiecies in
both animals and human dBamelitensis, B.abortus, B.suis and B.canis (Araj, 2010;
Cloeckaert and Vizcaino, 2004).

Brucellae are gram negative, facultative intradatlunonmotile, non spore

forming coccobacilli, requiring an optimum temperatof at 37 C to produce visible
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colonies after 24 hrs, and may require supplemer@@&, for their growth especially
on primary isolation (Corbel and Bannai, 2005).geléa, endospores and capsule are
absent although capsule like structure have bemortexl in preparation treated with
antiserum. They are patrtially acid fast, as aredemtolorized by acetic acid in the
modified Ziehl-Neelsen (MZN) staining (Alton et,a1.988).

Transmission of brucellae mainly occurs through $he, conjunctiva or
respiratory mucosa by inhalation and most commahipugh oro-faecal route in
cattle (Crawford et al., 1990). Infection spreaaisocal lymph nodes wheiérucella
replicates intracellularly in phagocytes (Andersbral., 1986). Invasion of lymphatic
vessels is followed by bacteraemia leading to systeinfection, favouring
colonisation of the gravid uterus, male genitalamg and mammary glands (Ko and
Splitter, 2003). The mammary gland is another tamgan that is important in
transmitting the infection through contaminatedkmi. abortus induces a multifocal
interstitial mastitis with interstitial accumulatioof macrophages and intra-acinar

infiltration of neutrophils (Emminger and Schaln94B).

The clinical picture of brucellosis is so strange protean that it can be easily
confused with other infectious and non infectiousedses, leading to diagnostic
delays (Al Dahouk and Nockler, 2011). The diseaselinically characterized by
abortion storms in animal herds along with metrimastitis, retention of placenta in
the last trimester of pregnancy, causing huge Gizrosses to the dairy and beef
farmer alike. Additional economic losses occur daereduced milk production,
infertility, delayed heat, interrupted lactatiolms$ of calves, wool, meat and milk
production, extended inter-calving period and desed value of breeding stock and
sterility in males (Radostits et al., 2000). Susibdpy to brucellosis increases as the
animals approach the breeding age (Tolosa et@8)2 Although, abortion is rare in
chronic cases, but infected animal continues t@aa@ carrier and source of infection
to the herd. Calves born to infected females adsoesas carriers in the herd. Infected
animals generally develop granulomatous inflamnyatesponse often located within
lymphoid tissues and organs with a prominent ré&ieudothelial component. The
localisation and persistence of brucellae withiesthtissue and organs follow in the
wake of widespread distribution of the bacteriaimyra generalised stage of
infection. Invasion of gravid uterus is marked thakacteristic necrotic placentitis.

Acute and widespread inflammation of placenta letmlsearly death of foetus
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followed by abortion or birth of a live, infecteggak calf associated with retention of
placenta and congested, necrotic cotyledons covevid yellowish or sticky

brownish exudates extending deep in to the crypts.

In males, orchitis and epididymitis dne manifestation of chronic infection
(Chand et al., 2002). During orchitis the testidesdually enlarge enveloping an area
of dry necrosis encapsulated by fibrinous tissuéclvleventually contracts, often

leaving the testicle smaller than normal.

There is no completely reliable ands$attory diagnostic procedure for the
disease. Currently three major approaches are beangloyed including
microbiological, serological and molecular techmgu(Alves et al., 2010). The
absence of a perfect rapid reference diagnosticntekes evaluation of serological
tests difficult. Although isolation is considered gold standard but in the case of
brucellosis, it is seldom successful (Jama'yayahlet2011). Bacterial cultures are
often negative for infected animals because ofiritra-cellular and fastidious nature
of the pathogen (Romero et d995), and the test is relatively difficult to usethe
field in rural areas as it requires biosafety |e¥€BSL 3) laboratory set up (Bricker,
2002). It also requires long incubation periods amaly also cross-reacst with some
other gram-negative bacteria, includiggcherichia coli O157,Francisella tularensis,
Salmonella enterica group N,Senotrophomonas maltophilia, Yersinia enterocolitica
O: 9 anaVibrio cholerae.

For assessment of brucella antibody there are warserological tests like
Rose Bengal Plate agglutination Test (Alton et B).75), serum agglutination Test
(Alton et al., 1975), Enzyme Linked Immunosorbent Assays (Mieland Wright,
1984), complement fixation using whole cell prepars (Magee, 1980; De Klerk
and Anderson, 1985), cell sonic extracts or lipgpatcharide (LPS) fractions
(Lindberg et al., 1982), Native Hapten (NH) gel gipéation tests, fluorescence
polarization assay (FPA) etc. The main serologiest used for screening of
brucellosis is the Rose Bengal Plate Test (RBPT)¢chvhas very high sensitivity but
low specificity (Barroso et al2002). I-ELISA is the most frequently used serotag)i
test for confirmatory diagnosis as it yields highsensitivity and specificity in
comparison with the Serum Agglutination Test ands&kdBengal Plate Test
(Almuneef and Memish, 2004). Thus I-ELISA has beeadtme standard method for

the diagnosis of the brucellosis.



I ntroduction

Apart from serological tests, molecular approachase been explored to
overcome these problems. Conventional and multil€©R typing are capable of
identifying Brucella upto species level. A multiplex PCR assay, AMOSRRRBMOS
is acronym for abortus, melitensis, ovis, suis)nidees B.abortus, B.melitensis,
B.ovis, and B.suis simultaneously including biovar level using a camaltion of
different primers. This PCR assay has successitdgtified B.abortus biovar 5, 6,
and 9 and some field strains of biovaB.dbortus (Sasa et al., 2005).

Brucellosis is an important re-emerging diseasé& witvorldwide distribution
(Geering et al., 1995) and continues to be endemic in most partshefworld
especially the developing countries like IndBaucella abortus strain -19 vaccine is
recommended as most effective vaccine for catttelarifaloes, however application
of full dose is restricted in adults due to peesise of antibodies response that
interfere with serological diagnosis. Various sasdhave been conducted in India to
establish the prevalence of the disease in bovngsto assess the change in the
seroepidemological situation of the disease afterimitiation of bovine brucellosis
control programme, more studies are needed. Therpfesent study was designed to
assess the epidemiology of the disease in bovufésrieig with various reproductive
disorders in and around Mathura region, contrilbutiof Brucella to those
reproductive disorders, comparative efficacy arabdostic performance of existing
serological and molecular tests with the followalgectives.

OBJECTIVE

1) To detect the prevalence of brucellosis in bovisiggering with reproductive

disorders using various serological and molecwasist

2) To study the relationship between brucellosis asgbaated risk factors in

dairy animals with reproductive disorders.

3) To compare the diagnostic performance of diffesamblogical and molecular

tests employed for diagnosis of brucellosis in hesi

4) To compare the efficacy of using whole blood, nalkd serum as specimens

for PCR assay for diagnosis of Brucellosis.






CHAPTER-2

REVIEW OF LITERATURE

Brucellosis is a chronic infectious disease causedmall, non-motile, non-
sporing, gram-negative, facultative intracellulaccobaccilli of the genuBrucella.
This disease may affect a range of different maranmalluding cattle, buffalo, sheep,
goat, swine, rodents, man and marine mammals (Magtisal., 2013). It is a major
bacterial zoonosis of global public health impocanin most of the animal species,
the disease primarily affects the reproductive esystwith concomitant loss in
productivity. Both humoral and cellular immune respes are involved iBrucella
infection. Bovine brucellosis bgrucella abortus, is widely prevalent in India causing
economic losses to the tune of US $ 58.8 milliooli@nur et al.2007, Shome et al.,
2014).

2.1 Seroprevalence of Brucellosis around the World

Brucellosis is the most common zoonosis in the avatcounting for the
annual occurrence of more than 500,000 cases (Paipal., 2006). Though, it has
been eradicated in many developed countries in @eyrdustralia, Canada, Israel,
Japan and New Zealand (OIE, 2002). It is still gamaroblem in the developing
world like Mediterranean countries of Europe, Nerthand Eastern Africa, Near East
countries, India, Central Asia, Mexico and Cenénadl South America. Brucellosis is
a significant veterinary and public health problem India where 80% of the
population lives in approximately 575000 villageslahousands of small towns and
have close contact with domestic / wild animal dapon owing to their occupation.
Hence, human population stands at greater risk cgjuing zoonotic diseases

including brucellosis.

Awareness of risk groups is needed to take apmtEppreventive measures

and to accept control measures (Smits & Kadri, 2004

Seroprevalence of bovine brucellosis was repoelet 6.5% in Jordan (Al-
Majali et al., 2009), 8.4% in Cameroon (Bayemi let 2009) and 32.9 to 39.4% in

Turkey (Sahin et al., 2008). The overall seroprenwed of the disease at the individual
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animal level was 2.9% in three ecological areaseotral Oromiya, Ethiopia (Jergefa
et al., 2009).

In a cross-sectional study conducted in westeriogid, the seroprevalence of
bovine brucellosis in 1,152 cattle from 164 herdsder traditional extensive
husbandry, using RBPT as screening test and CRilcasfirmatory test the apparent
seroprevalences were found to be 1% and 4.9% atatimal and herd level,

respectively (Adugna et al., 2013).

Egaru et al. (2013) obtained an overall prevalenic&5.4% in cattle using
RBPT as screening test in Arapai, Soroti disttitganda.

Vhoko et al. (2018) estimated the prevalence otdltasis in Zimbabwe’s
156 farms with Rose Bengal Test (RBT), Complemexation Test (CFT) and Milk
Ring Test (MRT).

Brucellosis has its reservoirs in wild animals ayeds transmitted from them

to domestic animals in their vicinity (Rhyan et 2013).

A study conducted in Dhamar governorate in Yemeth \screening of 384
sera samples including 359 females and 25 malekectad randomly from
unvaccinated cattle using RBT and I-ELISA showedsemoprevelance of cattle
brucellosis to be 0.26%. In Ethiopia, an overatibpeevalence of 2.0% and 3.75%,

respectively, was reported by Alemu et al. (201%) Waktole et al. (2018).

An overall prevalence of 2.93% (13/444) of brucgBoin cattle using RBPT
as a screening test was found in Kintampo DistriBi®ng Ahafo region, Ghana
(Foliste et al., 2014) whereas in Morocco, thevalence of brucellosis in cattle at
individual and herd level was 1.9% and 9%, respebti (Azami et al., 2018). In
Mbeya region, Southern highlands of Tanzania, theeral animal-level
seroprevalence was 9.3% in a cross-sectional studygnducted by (Sagamiko et al.,
2018) using the Rose Bengal Plate Test (RBPT) amdpetitive Enzyme Linked

Immunosorbent Assay (c-ELISA) as screening andigoafory tests, respectively.
2.2 Seroprevalence of Brucdllosisin India

Serological evidences are suggestive of high enclgnaf brucellosis in India
with national average of as high as 5% in catt¥é, i buffaloes, 7.9% in sheep and

2.2% in goats (Renukaradhyay, 2002). A serologscavey of brucellosis in bovine
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population in 23 states of India using RBPT and $BAhowed the prevalence to be
1.9% in cattle and 1.8% in buffaloes (Isloor et 4998).

Perusal of the literature indicated prevalenceratéllosis in western region
(Gujarat state) ranging from 8.98 to 44.00% (Chauétaal., 2000), 6.3% in central
region (Madhya Pradesh state) (Mehra et al., 260d)12.9% (Dhand et al., 2005)
and 18.26% by systematic multistage random sampigmgg milk ELISA in Punjab
(Aulakh et al., 2008). In the states of KarnataWd#tarakhand and Uttar Pradesh,
seroprevalence was 31.74% including 27.21 in cattlé 36.34% in buffaloes using
i-ELISA (indirect enzyme linked immunosorbent ags@gagapur et al., 2013).

A systematic study of 24 organized farms, out tital of 1359 dairy animals
revealed 71 (5.22%), 82 (6.03%), 73 (5.37%) an@3547%) samples to be positive
by RBPT, IELISA, serum and blood PCRs respectivE€lymbination of iELISA and
serum PCR were found most suitable to declare bBosce status of the animals
(Shome et al., 2014).

In a study by (Khajuria et al., 2014), seropreveéenf brucellosis in the state
of Jammu was 4.38% and 7.50% by Rose Bengal Plkdé (RBPT) and Standard
Tube Agglutination Test (STAT), respectively.

In peri-urban areas of Gujarat, (Patel et al., 20fdund 16.9% (849) bovines
to be suffering from various reproductive disordansl of these, 18.30% (155) were

found positive foBrucella abortus antibodies.

Trangadia et al. (2015) studied six organized edi#rds located in Andhra
Pradesh, Gujarat and Odisha and the estimated lpneeaof brucellosis in these

states was found to be 6, 8.2 and 2.3%, respegtivel

Overall prevalence of brucellosis among 559 boweea samples collected
from organized dairy farms in Southern India wa2% by RBPT and 11.63% by
IELISA (Krishnamoorthy et al., 2015). In anotheudy involving western UP, the
seroprevalence of brucellosis by iIELISA, was 12.3K4mar et al 2016).

A total of 570 dairy cattle from 35 herds were so@d serologically based on
the history of abortion in the farm, 13 (2.28%) e/éwund positive by RBPT while 33

were negative inspite of history of abortion (Geresal, 2016).
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Study by Kumar et al. (2017) revealed that 4.35% &r80% of the milk
samples were positive for bovine brucellosis by MBRId m-ELISA respectively
from eleven districts of Tamil Nadu. Crossbred leattattle with more than seven
years of age and animals having history of abortiecorded more prevalence of

brucellosis.

Ul Islam et al. (2018) revealed an overall highosgrevalence of 15.12% in a
cross sectional study in Punjab in 628 Murrah Boéa using ELISA as screening
test.

2.3 Association of Bovine Brucellosiswith Epidemiological factors

Both husbandry systems as well as environmentalittons greatly influence
the spread of Brucella infection (WHO, 1997). Owaif of the cattle are farmed
under extensive lowland pastoralist and agro-paksbiproduction system.

A higher risk of brucellosis was observed in caitieintensive livestock
systems, in imported and crossed breeds and inagsifrom larger herds (Azami
et al., 2018).

The study by Isloor et al. (1998) showed the pmve¢ to be more in
organized herds (4.1%) then in cattle owned byiddial farmers in Karnataka. In a
similar study in Debre-Zeit, Central Ethiopia, diénce in breed and parity were
found to be potential risk factors with disease enarevalent in crossbreds than local
dairy cattle and in animals above two years thamger animals. History of abortion
and retained fetal membrane were found to be sigmfly associated with

occurrence of bovine brucellosis (Alemu et al.,£201

The positive reactors to the diseases were sigmifig more in cows than
bulls, and disease acquiring risk seemed to ineregth age; more between age 1 to 4
cattle (Foliste et al., 2014).

Sagamiko et al. (2018) found infection to be morevalent in indigenous
cattle than in exotic cattle and maximum in agaugrof 6-10 years followed by 1-5
years and 11-15years old. The odds of seropogitimitanimals which calved on
pasture were more than those that calved at homm#laBfindings were also cited by
Gogoi et al. (2017).
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Seroprevalence was zero by both RBPT and STAT garozed dairy farm
while in unorganized sector, 5.04 and 8.63% by RBRA@ STAT, respectively. Age-
wise seroprevalence was higher in 4.5 to 6 yeatduoitfaloes than younger (Khajuria
et al., 2014).

No significant statistical variation in the serogakence of brucellosis was
found in different age and sex groups of the stadymals (Degefu et al., 2011;
Krishnamoorthy et al., 2015 ) whereas Egaru e{24l13) showed that that younger
cattle were less infected than adults and prevalesfdBrucellosis was higher in
females compared to males. Similar findings wes® &lited by Khan et al. (2016)
who recorded prevalence in female cattle to be4Pb)las compared to male (14%).
Similarly significantly adult were more susceptibds compare to young ones.
Breeding through natural service was at greatér (84%) as compared to artificial

insemination (78%).

In a study by Jagapur et al. (2013), prevalenderocellosis was found to be
more in buffaloes than cattle and prevalence inamzed herds was more than

unorganized farms or villages.

Higher prevalence of bovine brucellosis was foumatases of abortion than
other reproductive disorders (Patel et al., 2015ishamoorthy et al., 2015).
Similarly, prevalence was highest in case of alooattle (64.24%) followed by
retention of placenta (47.13%) in cattle (Gogaalet2017). Higher seroprevalence of
brucellosis was found in cases of abortion andntete of placenta, while at lower
level from various reproductive disorders indicgtiendemicity of the infection in

villages around Anand city, Gujarat (Ghodasard.ef810).

Increased disease prevalence was observed in anwith a history of
abortion than in those without such histories Udrs et al. (2018).

Maximum numbers of seropositive cases were foundemale animals,
indigenous breed and in 6 to <9 yrs age group,ectsely by all serological tests
ELISA, RBPT, STAT and 2-ME . ELISA diagnosed higheamber of seropositive
cases in different categorieiz., females (36.41%), indigenous breed (21.13%) and 6
to <9 yrs (52.15%), respectively. Sex, breed and afjanimals were found to

influence the antibody titer of animals (Kushwakhale 2016).
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Kumar et al. (2016) found seropositivity to be hghin organized herds
(24.88%) than individual cattle (4.8%). Young cavbad significantly higher
seropositivity (10.38%) and it further increasedsexually matured adults (12.71%)

in comparison to older animals (9.17%).

Another study by Ndazigaruye et al. (2018) in eattbm selected sectors of
Nyagatare District, Rwanda showed the prevalendewiellosis to be more in cows
with no history of abortion (38.5% ) rather tharogh with a history of abortion
(17.0%) although retention of placenta was a mi@ctor associated with the disease.
An increase in calving interval was also noted. Phnevalence was more in adult
cows (21.4%) than that in heifers (12.8%).

2.4 Diagnosis of Brucellosis

Clinical signs ofBrucella infection are non-pathognomonic and thus diagnosis
of the disease is mainly dependent on laboratastistéhe conventional tests, viz.
Rose Bengal plate agglutination test (RBPT), setube agglutination test (STAT)
and complement fixation test (CFT) are commonlydudsolation is still the gold
standard. Other commonly used tests are enzymedinknmunosorbent assay
(ELISA), polymerase chain reaction (PCR), nativptea (NH) gel precipitation tests,
brucellin skin test and fluorescence polarizatissay (FPA). All reproductive
disorders should be monitored using accurate dstgntests such as milk-ELISA or
I-ELISA for correct and prompt diagnosis as to ravfurther spread of infection to

apparently healthy animals of the herd and surrmgsdPatel et al., 2015).
2.4.1 Molecular Detection of Brucella abortus

In the absence of adequate culture facilities tagrisis of brucellosis either
depends on serological or molecular tests. The mewback with the serological
tests is their cross reactivity and low specificiéyternatively, molecular techniques
can be used for diagnosis of bovine brucellosi®e st samples from which DNA
can be extracted most commonly for brucellosis mhags include tissues from
neonates or aborted fetuses, milk, whole bloodyrsesemen, body fluids, and foods

such as cheese.

Extraction of DNA from body fluids is cumbersomeaimly because of the
presence of PCR inhibitors in samples taken fromseHiquids. Extraction procedures
for Brucella detection are further complicated because it ismmaracellular pathogen.
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Leal-Klevezas et al. (1995) described protocolObIA extraction from blood and
milk to overcome these problems, making detectignPCR more applicable for

brucellosis.

Rekha et al. (2013), revealed the status of bobmeellosis in an organized
dairy with a past history dBrucella abortions. A total of 195 samples including 89
blood samples, 89 serum samples and 17 milk samyses collected and analyzed
by isolation and identification by PCR, MRT, RBPITAT and ELISA. All the 89
blood and 17 milk samples were negative for culamé PCR. MRT and ELISA tests
on all the 17 milk samples and STAT on all the 8 samples were also negative.
The percent positives f@rucella antibodies in serum samples were 4.5 and 6.7 by
RBPT and ELISA, respectively.

The number of brucellosis positive samples deteetdwbr by Brucella genus
specificbcsp31-PCR or virulent genemp25- PCR was 297 (94%) and 294 (93%) out
of 334 total milk samples tested, respectively §dglu et al., 2013).

In a study by Karthik et al. (2014), out of 370 ddosamples collected from
three states of Uttarakhand, Uttar Pradesh and ITldadu, the seroprevalence of
Brucellosis by RBPT was 16.49%, 15.94% by STAT asdl3% by whole blood
PCR targeting genus specific bcsp31gene and spgméesfic IS711 gene. Sensitivity
and specificity of PCR compared with RBPT was 1G0% 92.4% while with STAT,
these were 100 and 96.16%, respectively.

Hemade et al. (2015) studied detection of brucellos animals by isolation
and identification ofBrucella species isolates by conventional method and they
recovered 1Brucella spp. isolates with isolation rate of 24.59% whickrevfurther
confirmed as Bucella abortus species isolates 2 different PCR assays using genus

specific bcsp31 and species specific IS711 (ABBMJY primers.

Hemade and Gandge (2016) studied PCR-RFLP and FBTtHR$0 understand
variabilities inBrucella spp. genome to assist in planning epidemiologitrategies
for control of brucellosis in animal population atitere by human transmission.
Comparative results of RFLP and SSCP in 15 isolatesved that, PCR-SSCP is

more sensitive than RFLP for detection of polymasphin bcsp31 gene.

11
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A multiplex PCR technique for detection &rucella spp. in samples of
bacterial suspension was validated as a complemyettal in the diagnosis of the
disease, allowing the characterization of the agdtitout performing biochemical
tests (Orzil et al., 2016).

Daugaliyeva et al. (2016) developed a differerfi@R assay for detection of
B.abortus andB.melitensis.

A total of 110 sera sample and whole blood sampla® collected separately
from unorganized dairy herds of Jersey and Holdteiesian (HF) crossbred cattle to
evaluate the sero-prevalence of brucellosis by RBesegal Plate Test (RBPT),
indirect ELISA and its PCR assay (Koushik et &0172).

Alamian et al. (2017) described a novel PCR assaydétectingBrucella
abortus andBrucella melitensis.

Lindahl-Rajala et al. (2017) investigated the pneseof Brucella DNA in
bovine milk in the urban and peri-urban area of lidube, TajikistanBrucella DNA

was detected in 10.3% of 564 cow milk samples B{11hased real-time PCR.

Serum based bcsp 31 genus specific and 1S711 spgmeific PCR assay on
821 bovine sera samples revealed a percent pbgit?i821 bovine sera samples
whereas by indirect Enzyme Linked Immunosorbentasg-ELISA), the per cent
positivity was 5.72. In comparison between serolagg molecular test, 44 samples
were positive for both assays and 11 and 3 sanvpées positive for serology and

molecular assays individually (Kumar et al., 2018)
2.6 Compar ative Performance of the Serological Testsfor Brucellosis

There are several methods for diagnosiBraicella spp infection but the gold
standard test still remains the culture isolatibrih@ organism. (Alton et al., 1988;
Lulu et al., 1988). Some ELISAs have similar or better desgic performance as
compared to complement fixation test (CFT) becatissy are simple, easy to
perform, sensitive and preferred to use (OIE, 2088)these conventional tests have
some limitations, as brucellosis is caused by gifie Brucella species sharing
common epitopes and thus might not give accuragndisis thus it is imperative to
use both direct and indirect methods for accurateraliable diagnosis of brucellosis
(Carmichael and Greene, 1990; Wanke, 2004).

12
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Many laboratories across the world are involvedl@veloping sensitive and
specific assays based on the molecular markeBswella spp in order to eradicate
menace of brucellosis. Different serological tesise been developed by keeping
various goals in mind but the validation of all dketests is still an issue, the
combination of different serological tests with eggpable specificity and sensitivity
values can be utilized to know the status of arsn{akriza et al., 1992; Weynants
et al., 1996).

The contaminated vaginal discharges, organs otedbdetuses such as lymph
nodes, stomach content, milk, secretions of infeeteimals have been proved to be
important source of bacterial isolation. Phagertgpnas been a very handy tool for
species and biovar characterization along with heogcal tests (Godfroid et al.,
2002; Singh et al., 2014).

Gall and Nielsen (2004) found the performance in@X of buffered antigen
plate agglutination test (BPAT) rated highest (P1$3.1) among the conventional
tests including the Rose Bengal test (Pl = 167n@)tae complement fixation test (Pl
= 172.5). The indirect enzyme linked immune sorbasgay (Pl = 189.8) and the
competitive enzyme-linked immune sorbent assay=FI88.2), were found to be

more accurate than the conventional tests, exoephé BPAT.

In a serological survey at the abattoir of Dschdi¢est Cameroon) to
determine the prevalence of bovine brucellosis séreprevalence of brucellosis was
9.64 and 4.88% by I-ELISA and RBT, respectivelyeTest estimation of the actual
prevalence of brucellosis was based on the I-ELi8gults and was close to 10%
(Njila et al., 2005).

On comparing three serological tests (RBPT, STATd arELISA),
seropositivity of brucellosis was found highestifsLISA (25%), followed by STAT
(14.45%) and RBPT (10.56%). The results shows highevalence of brucellosis in
cases of abortion and retention of placenta, whilelower level from various
reproductive disorders as detected serologicatlicating endemicity of the infection
in villages around Anand city, Gujarat (Ghodasdral.¢ 2010).

Manishimwe et al. (2015) compared RBPT and C-ELt8%t in detection of
bovine brucellosis in a study conducted in Kigaty,cthe capital of Rwanda. The
study revealed that even if the observed significifierence between prevalence

13
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given by RBPT and C-ELISA and the agreement betwleenwo test was perfect (k=
0.92).

Trangadia et al. (2015) evaluated 5 commerciallgilalle indirect ELISA
kits and one competitive ELISA kit in naturally atted cattle population and found
I-ELISA to be better than C-ELISA. They found tladitlI-ELISA had more than 96%
specificity whereas much lower sensitivity, sugoesthat the test is optimized for

confirmation of negative status of infection.

In a comparative study on bovine serum samples feondifferent sources by
serological tests (RBPT, STAT and I-ELISA) and noolar technique (serum PCR),
the seroprevalence observed was 11.60%, 9.34%4A6% by RBPT, STAT and I-
ELISA, respectively. Out of 664 sera samples, lé@&mrising 98 serologically
positive and 50 randomly selected negative sanvpége subjected to serum PCR and
42.57% were found positive. Maximum relative sewisjt and specificity was found
in RBPT than STAT and serum PCR (Sunder et al.5p01

Kushwaha et al. (2016) conducted four serologicathodsviz,, ELISA,
RBPT, STAT and 2-ME tests were used to determine s$kroprevalence of
brucellosis in an organized dairy farm. Overall,8536, 32.61% and 30.90% animals
were diagnosed serologically positive, respectivieyy ELISA, RBPT and STAT.
However, only 13.66% animals were diagnosed pasitiy 2-ME. Therefore, ELISA
could be recommended as a screening test for .cattle

Comparative efficacies of Rose Bengal Test (RBTan&ard Agglutination
Test (STAT) and indirect Enzyme Linked Immnosorb@dssay (i-ELISA) were
analysed in bovine brucellosis serodiagnosis (n¥&2In various districts of Tamil
Nadu. Using i-ELISA as a gold standard test, RB@ &TAT showed sensitivity of
54.54 & 61.81 and specificity of 99.60 & 99.73 part respectively. On kappa
statistics with comparison to i-ELISA, RBT and STAMRowed moderate (0.66) and

substantial (0.73) agreement (Kumar et al., 2018).

Kala et al. (2018) also evaluated the comparatifieaey of RBPT and STAT
to i-ELISA and determined their sensitivity and dfieity in the diagnosis of bovine
brucellosis. I-ELISA showed higher efficacy follotvdy STAT and RBPT. The
sensitivity of RBPT and STAT was found to be of6B% and 55.86%, respectively,

14
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considering i-ELISA as a gold standard test whppecsficity was found to be of

98.48% and 98.99%, respectively. Thus, STAT wasidoio be more sensitive and
specific than that of RBPT.
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CHAPTER -3

MATERIALSAND METHODS

3.1 Study area

The present epidemiological study was conducteah f@ctober 2017 to July
2018. Samples of milk, blood and serum were calddtom different districts viz.,
Aligarh, Firozabad, Hathras, and Mathura of wesfeart of Uttar Pradesh of India.
These districts were selected due to high nurabemallholder dairy farmers with
animal husbandry practices. The climate of thismasehumid subtropical with dry
winter. Agriculture with animal rearing is the poedinant economic activity. In these
area the predominant cattle breeds are Zebu, Shhanwd crossbreds of Holstein
Friesian and Jersey, while the main buffalo breedurrah. The animals in the
present study belonged to either organized farmsorganized. In organized farms,
animals were reared under semi-intensive systemasfagement and were frequently
in contact with other animals during feeding, waigrand housing. In unorganized
category, animals were individually reared by m@agor landless farmers relying on
grazing in pasture with no or few supplementaryiieg. Sample were collected by

random sampling with no history of vaccination agabrucellosis.
3.2 Place of work

The study was carried out in the Departtrof Veterinary Epidemiology and
Preventive Medicine and Department of Veterinaryblieu Health, College of
Veterinary Science and Animal Husbandry, Uttar Bséd Pandit Deen Dayal
Upadhayaya Pashu Chikitsa Vigyan Vishwavidyalayaarkv Go-Anusandhan
Sanathan, (DUVASU), Mathura, India.

3.3 Materials Required
3.3.1 Glasswares, plastic wares and reagents

In the present study glass wares, disposable atatlavable plastic wares,
were procured from Borosil Glass Works Pvt. Ltd.ugibali, India), Tarson Product
Pvt. Ltd. (Kolkata), Eppendorf (Germany) and Gdewe. Ltd. (Bangalore, India) etc.
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3.3.2 Reagentsfor RBPT, STAT and ELISA

For RBPT and STABrucella abortus coloured antigen anrucella abortus
plain antigen (S-99) were procured from Division Biblogical Product Indian
Veterinary Research Institute, (IVRI), 1zathagadia.

For I-ELISA, Protein-G based indirect ELISA kitrfBovine Brucellosis was
procured from National Institute of Veterinary E@mdiology and Disease Informatics
(NIVEDI), (Formerly PD_ADMAS), Hebbal, Bengaluru gkhataka, India.

3.3.3 Equipments

Major equipments used in thedgtuwere Autoclave ( Sonar, India),
Biosafety Cabinet (Sonar, India), Refrigerated ni@ige CPR-30 (Remi
Equipment, India), RM12C Microcentrifuge (Remi Hguent, India), Weighing
Balance (Kern, Germany), Thermocycler (Bio—Rad, YS8V - transilluminator
(Genie Pvt. Ltd., Bangalore, India ), Micropipetteppendorf, Germany) and Gel
Electrophoresis ( Genie Pvt. Ltd. Bangalore, India

3.4 Methods
3.4.1 Data collection

The required epidemiological data wadlected using the structured
guestionnaire  (annexure-l). The questionnaire sbughformation about
epidemiological determinants influencing the ocence of brucellosis in animals like

species, sex, age, geographical location, reamnactipe and disease condition etc.
3.4.2 Selection of animals

Stratified convenient sampling was ugedraw sample from the population
of animals. In the first stratum, districts werdested followed by dairy units and
animals. The total sample size to be drawn wasulzbtd as described by Thrushfield
(2008).

3.4.3 Collection of samples

During the present study, a total of 47thsl@s (serum, whole blood and
milk) were aseptically collected from the selecteuimals (cattle and buffaloes) from
different districts of western U.P. (Table 1). Tid282 serum samples were collected

for serological diagnosis and PCR assay. The sampée collected according to
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age, sex, species, disease condition and rearaujige of animals (Table 2, 3, 4, 5,
6). About 5 - 10 ml of blood was collected by puming the jugular vein in sterile
disposable syringes (Dispovan) or plain vaccutai(BbD, USA) for serum collection.
Care was taken to avoid shaking the samples duramgsportation to prevent the
destruction of the RBCs or hemolysis. Serum wakectad from the clotted blood by
centrifugation at 4000 rpm for 10 min. After thewse was separated, it aliquoted and
stored at - 20 ° C till further use. To prevent daynage to the protein structure of the

serum repeated freezing and thawing was avoided.

A total of 108 whole blood samples were collectedPCR assay in EDTA
vaccutainers (BD, USA). 100 milk samples were am#d in sterile polypropelene
tubes for PCR assay. The samples were transponi@ediately to the laboratory on
ice pack. The individual animals in the presentdgtwere identified by their
respective identification numbers or names. Nondhef animals were vaccinated

against brucellosis.

Table 1: District wise Collection of Sample (Serum, Whole blood and Milk)

Name of Number of Number of Number
S. No o whole blood of milk Total
district serum sample
sample sample
1 Aligarh 32 32 36 100
2 Firozabad 48 35 17 100
3 Hathras 43 31 26 100
4 Mathura 139 10 21 170
5 Total 262 108 100 470

Table 2: Collection of Samples (Serum, Whole blood and Milk) According to Age

of Animals
S.No | Age Serum Blood Milk
1 Young animals ( < 3 years of age ) 92 21 7
2 | Adult animals ( > 3 years of age ) 170 87 93
3 Total 262 108 100
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Table 3: Collection of Samples (Serum, Whole blood and Milk) According to Sex

of Animals
S.
Sex Serum Blood Milk
No.
1 Male 4 4 00
2 Female 258 104 100
3 Total 262 108 100

Table 4: Collection of Samples (Serum, Whole blood and Milk) According to

Species
S. No. Species Serum Blood Milk
1 Cattle 203 61 58
2 Buffaloes 59 47 42
3 Total 262 108 100

Table 5: Collection of Samples (Serum, Whole blood and Milk) According to

Disease Condition of Animals

S. No. Disease condition Serum Blood Milk
1 Abortion 18 12 14
2 Pyometra 12 6 6
3 Metritis 8 4 3
4 Stillbirth 10 10 10
5 Retention of placenta 9 9 4
6 Repeat breeding 28 27 25
7 Anoestrus 177 40 38
8 Total 262 108 100
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Table 6: Collection of Samples (Serum, Whole blood and Milk) According to

Rearing Practice of Animals

S. No. Rearing practice Serum Blood Milk
1 Unorganized 92 32 40
2 Organized 170 76 60
3 Total 262 108 100

3.5 Serological Assays

In the present study, three serologicahneques viz. Rose Bengal Plate Test
(RBPT), Standard Tube Agglutination Test (STAT)dadmdirect Enzyme Linked
Immunosorbent assay (I-ELISA) were compared witbheather for their respective
sensitivities and specificities. I-ELISA was perfaed using commercial kit as per the

manufacturer’s instructions.
3.5.1 RoseBengal Plate Agglutination Test (RBPT):

RBPT was performed as per the protocol of Altonakt(1988) and OIE
(2008). 30 pl each of sample serum and antigeustat] to room temperature (18-25
°C), were mixed by the disposable stirring stickaotiean grease free slide. The slide
was rotated manually for 4 minutes and the resall wnmediately analyzed for the
presence or absence of any degree of agglutinagiamst indirect source of light.
Any degree of agglutination within 4 minutes wasetaas positive.

I nter pretation of result:

The result of RBPT was read as strong positive (@aiate visible
agglutination), weak positive (visible agglutinatiafter some time) or negative (no

agglutination).
Limitations of RBPT:

1) Low sensitivity particularly in long evolution (abmic) cases, and relatively

low specificity in endemic areas.

2) Moreover, some authors consider that prozones ratkagly positive sera
appear as negative in RBPT.
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3.5.2 Standard Tube Agglutination Test (STAT):

STAT were performed as per Alton et al (1988), @@B08) and Nasir et al.
(2004). For STAT, plain heat killed phenolised sarspon ofBrucella abortus strain
99 which show 50% agglutination at 1/500 final tdn of serum with Indian

standard was used.
3.5.2.1 Procedure:
a) Serological tubes were arranged in a rack from 111to

b) 0.8ml carbol saline (0.5%) was taken in the fitdtet and 0.5 ml in the rest of
tubes with the help of pipette.

c) Add 0.2ml of list serum in the first tube mix ggnthan transfer 0.5ml to the
next tubes continue the process up'tdube.

d) Transfer 0.5 ml oBrucella abortus plain antigen to each tubes to make final
dilution to 1:10, 1:20, 1:40, 1:80 and so on. TI®¥ tube is remaining as

control and 14 as discard tube.

e) Shake gently the tubes and incubate &tGYor 48 hours and the result was
recorded.

I nterpretation:

For bovine if the dilution is 1:40 or 80 IU and akeahan it is positive.
Limitation of STAT:

This test does not yield result during incubatitage of the disease.

It does not give result just after abortion duraigionic stage of disease.
3.5.3 Indirect-Enzyme Linked mmunosorbent Assay (I-EL1SA)

The test kit was purchased from Nationalifat of Veterinary Epidemiology
and Disease Informatics (NIVEDI) (Formerly PD_ADMA3ebbal Bengaluru,
Karnataka, India and the contents were stored &t°4€ until use. The test was
performed as per the manufacturer's protocol. Ad teagents of the kit and serum
samples were brought to room temperature. Workihgiahs of the reagents were
prepared as instructed in information booklet paed with the kit.
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Step 1. Coating the Microtitre Plate

Antigen from stock (stored at 20) is added @40microliter/12ml of coating
buffer (10ml is sufficient to coat 1 plate). It mixed properly and then dispensed
@100microliter in to each well of microtitre plateap the side of the plate to ensure
that the antigen is evenly distributed over thetdsotof each well. The microtitre
plate are covered with aluminum foil and kept focubation overnight at°g in
refrigerator. After incubation, plates are washed&s using 100 ul wash buffer and
tap on tissue paper to remove residual wash buikesid drying of the plate between
washes and prior to addition of the next reagentoclBng each well

with100microliter of blocking buffer for 1 hour imgves the test efficiency.
Step 2: Addition of Test and Control Sera

Control and test sera should be diluted in kilag buffer separately in perplex
plate for which 5 ul of test and control sera alated in 500 ul blocking buffer.
Serum and blocking buffer is mixed thoroughly 1thds to ensure homogeneity
before loading the microtitre plate. The dilutedd 34 test sera samples in duplicate
wells (in 2- wells) and to control sera (positivedanegative control sera) along with
the conjugate samples in quadruplicate wells (invdlis) and transferred from the

perplex plate to the microtitre plate as per layand incubate at 8€ for an hour.
Step 3: Addition of the Conjugate

After incubation the plates are taken out aadived three times with washing
buffer. The working dilution of the conjugate (Rrimt— G HRP conjugate) is made by
adding 1.5 pl of conjugate to 12ml blocking buff&r8000 dilution). Then 100 ul of
the working of conjugate is added to each well imedbate at 3°C for an hour.

Step 4: Addition of Substrate/Chromogen

After incubation, the plates are again wasleéet times with washing buffer.
Substrate/chromogen solution is prepared by addlir@PD tablet (5 mg) to 12ml
distilled water followed by the addition of 50 widrogen peroxide (3%). Chromogen
solution @100 pl is added to all the wells of therotitre plate, incubate at room
temperature for 7 minutes or wait until a visibllgw colour develops in the strong

positive wells by covering with aluminium foil (shark).
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Step 5: Stopping Solution

After the colour develops, immediately stop tkaction by adding 50 pl of
stopping solution to all wells. The plates are r@adhe ELISA reader at 492 nm
immediately. The OD values of the test control acle ELISA test performed should
fall within defined upper control limit (UCL) andower control limit (LCL) for
acceptance or rejection of the test. The OD vafugGi. for the positive and negative
controls should be between 1.2 and 0.2, respeygti@ainilarly, OD values of the LCL
should be of 0.6 and 0.09 for positive and negatos@rols, respectively.

Step 6: Interpretation of the Results

Percent positivity (PP) values which are usaditie diagnostic interpretation

are calculated as follows:

PP_ Average 0D wvalue of test serum

x 100

Median OD value of positive control sera

Any sample that gives PP value between 55% to @bebmsidered Moderate
Positive and more than 65% is considered Strongtigaslf sample shows a PP

value of below 55% is taken as — Negative
3.6 Molecular Detection of Brucella by Polymerase Chain Reaction (PCR) Assay

Polymerase chain reaction is rapidjn vitro method of enzymatically
synthesizing relatively large numbers of copiesDMA molecules from minute
guantities of source DNA by using repeated theroyale of template denaturation,
primer annealing and polymerase extension for #dynpl specific sequence of
genomic DNA from a minute amount of sample deteedirby oligonucleotide
primers in the presence of a heat stable DNA pofgse such as Tag DNA
polymerase that catalyzes the elongation of theqxs.

The samples collected for the purpose of molecdiagnosis of Brucellosis
using PCR included milk, serum and whole blood dampA total of 100 milk
samples and 108 whole blood and 262 serum sampléscted from cattle and
buffaloes showing symptoms of reproductive disgdi&e abortion, repeat breeding,
pyometra, metritis, retention of placenta, anoestretc were subjected to PCR assay.
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3.6.1 Extraction of Genomic DNA from Whole Blood for PCR Assay by Phenal
Chloroform Method (Sambrook and Russel, 2001).

Blood lymphocytes are the source of genomic DNA.

3.6.1.1 Reagents

R.B.Cs lysis buffer (1X), DNA extraction buffer, @0 SDS, Proteinase K,

Equilibrated phenol (Tris saturated phenol pHmdrant7.8), phenol: chloroform :
isoamyl alcohol (25:24:1), chloroform : isoamyl @tol (24:1), 3M Sodium Acetate
(ph 5.2), isopropanol, 70% ethanol, 1X TE Buffen §0).

3.6.1.2 Procedure

1)

2)

3)

4)

5)

6)
7)

8)

9)

Take out the blood samples stored & 4nd thaw to make a uniform

solution.

Filled the tubes with chilled RBCs lysis buffer (1Xnix end to end, and
centrifuge at 4000 rpm for 10 minutes at room terajoee.

Discard the reddish tinged supernatant containlagnpa and lysed RBCs by

simple inversion of the tubes or by pipetting.

Add two volumes of chilled RBCs lysis buffer, tdpettubes ends to disperse
the pellet of WBCs or RBCs (if left) and centrifugeé 4000 rpm for 10

minutes.

Discard the black tarry coloured supernatant camigilysed RBCs by simple

inversion of the tubes or by pipetting.
Repeat steps 4-5 till the WBCs pellet appear nemlhiye in colour.

Add 3ml of DNA extraction buffer (@3ml/10ml blood) the tubes, tap to
disperse the WBCs pellet in the extraction buffedt keep in the incubator for
half an hour because the buffy coat is completagpended so that the cells

are accessible to SDS and Proteinase K.

Add 200 pl of 10% SDS and gently mixed by invertiiigpe content of the
tubes will appear viscous indicating lysis of WBEsindle the samples gently

from now on to avoid shearing of DNA.

Add about 25ul of Proteinase K for 10ml of bloodhe tubes and mix gently.
Incubate the tubes at ®Din the water bath overnight.
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10)Next morning, transfer the content in to clean,oelatved polypropylene
tubes, add equal amount of Tris Saturated Phemdl.&), mix by inverting
gently for 10-15 minutes till a light coffee coleaar uniform solution without
any balls of phenol forms and centrifuge at 4009 fpr 10-15 minutes.

11)Transfer the upper aqueous phase containing DNAtoinfresh clean,
autoclaved polypropylene tubes by mean of almitipse tip has been cut to
widen the bore. Upper aqueous phase is very visandscare must be taken
during transfer of aqueous phase and white interfac

12)Perform similar extraction (as in steps 10-11) omgth equal volume of
phenol: chloroform: isoamyl alcohol (25 : 24 : Indawith chloroform :

isoamyl alcohol (24 :1).

13)Add 3M sodium acetate (pH-5.2) (@100 ul / 1ml obieous phase) to the
final agueous phase and mix gently.

14)Add two volumes of chilled ethanol / isopropandl f@om temp) in the tubes
and mix gently by inversion. Keep it at room tengpere to allow

precipitation of DNA.

15)Transfer DNA along with 500 pl of chilled ethanalto fresh eppendorfs by
mean of wide bore tips and centrifuge @10,000 r@mi.® minutes at4C.

16)Discard the supernatant by gentle inversion (wHelA pellet is intact),
otherwise aspirate (when DNA pellet is loose).

17)Wash the DNA pellet twice in 500 pl of 70% ethamold centrifuge the
eppendorfs@10,000 rpm for 10 minutes a€4

18)Finally air dry the DNA pellet after inverting oratting paper so that last

traces of ethanol are lost.

19)Add approximately 200ul of TE buffer or autoclavéduble distilled water
and put in water bath at 8@ for 2 hours to inactivate DNAase or other

enzymes.

20)Store the eppendorfs at’” 4 for a week so that DNA dissolves and
subsequently at - 2@ indefinitely.
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3.6.2

1)

2)

3)

4)

5)

6)

7)

8)

9)

Genomic DNA Extraction from Serum for PCR Assay by Phenal
Chloroform Methods (Sambrook and Russel., 2001).

For PCR analysis, briefly 500 pl serum sample take 1.8ml eppendorf tube
and centrifuge for 15 minutes at 15,000 rpm.

The pellet was resuspended in 200ul of nucleagevier and subjected by

phenol chloroform method.

To remove inhibitory substance, 200ul of sample tweated with SDS and
proteinase K with a final concentration of 1 % @%®pg/ml and kept at 8&

for 30 minutes in water bath.

After taking from water bath, 200ul Tris SaturatBtienol: Chloroform:
Isoamyl Alcohol (25:24:1) was add to 200ul of saeipl an eppendorf tubes
and mix gently.

Again centrifuge at 10,000 rpm for 5 min 8t@and supernatant take in other

eppendorf tube.

Then 1/10 volume of 3M sodium acetate (ph 5.2 ) &Zximdl of chilled ethanol
added, mix and kept at -2C for overnight.

Next morning the tubes are centrifuge at 12,000 figgmi5minuntes atC.

The supernatant was discarded and pellet was wasited500ul of 70%

ethanol, followed by centrifugation at 12,000 rpon 2 min.

The ethanol was discarded and pellet was drie??aC3and resuspended in

20ul of nuclease free water.

3.6.3 Genomic DNA Extraction from Milk for PCR Assay (Pokorska et al., 2016).

Procedures

1.

2.

Centrifuge 10 ml of raw milk at 7000g for 10 mirf’@, remove the milk fat
and most of supernatant from above somatic cetlsnaitk protein pellet, and
transfer the pellet with the remainder of the soptant to a 2 ml sterile tube.
Centrifuge the mixture at 5000 g for 3 minuteSQ¥ and remove the
supernatant.

Wash the pellet with 1 ml of buffer (15 mMTris-HC{pH 7.4-7.6), 25
mMNaCl, 5mMMgC}, 15mMNaHPQ,, 2.5 EDTA, 1% Sucrose). Centrifuge
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this mixture at 5000 g for 3 minutes’®, remove the supernatant, and repeat
this step until clear supernatant is obtained.

3. Add 1ml of lysis buffer (ph 8.8; 6% SDS, 3mm MgCL5mm Tris- HCI,
0.5% DMSO, 6% Acetone) to the pellet and incubhi® mixture at 6%C for
approximately 20-30 minutes. After this time, thieng of DNA clumps will
be visible in the liquid.

4. Attach the string of DNA clumps to the wall of nesterile tube by pipette.
Then, discard leftover supernatant that has droppetie bottom and wash
DNA twice with 100ul of 70% ethanol. Centrifuge thexture at 10000 g for
1 minute at room temperature and discard the sajprh

5. Dissolve the DNA pellet in 50-100 pl of deionizedter or TE buffer.
3.6.4. Molecular Identification of Brucella spp. By PCR

The DNA extracted from whole blood, milk and serwere subjected to PCR
amplification usingBrucella genus specific bcsp31 primers (table7, 8 and €)Ban
abortus species specific PCR (IS711 AB). The PCR wasrset final volume of 25
pl, spinned briefly and set in to thermal cyclero®ad, USA).

The isolated genomic DNA samples were subjected agarose gel

electrophoresis in ethedium bromide stained agagektr assessing their integrity.

Table 7: The Cycling Conditions for Brucella genus specific PCR and B.abortus
species specific PCR

S. No. | Cycling Condition Temperature Time
1. | Initial Denaturation de 3 Minutes
2. | 5 cycle of denaturation 95 30 Sec
3. | Anneling 63C 45 Sec
4. | Extention 7% 45 Sec
5. | Final extension 7z 10 Minutes

3.6.4.1. Brucella genus specific BCSP31 PCR assay:

The amplification of 223bp region of BCSP 31 gemeatlement of Brucella was

carried out using oligonucleotide primer sequefi@ble 8), as per Baily et al. (1992).
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Table 8: Oligonucleotide primersfor Brucella genus-specific PCR (BCSP 31)

Primer Oligonucleotide sequence Referenge

B4 (Forward) 5'-TGG-CTC-GGT-TGC-CAA-TAT-CAA-3’ Bally et al.

(1992)

B5 (Reverse) 5'-CGC-GCT-TGC-CTT-TCA-GGT-CTG-3

3.6.4.2. Brucella species specific 1 S711 PCR assay:

The amplification of 498 bp region of IS711 genetiement ofBrucella
abortus was carried out using published oligonucleotidenpr sequence (table 9) as

per Bricker and Halling (1994) using cycling comalits as mentioned in (Table 7).

Table9: oligonucleotide primersfor B.abortus species specific PCR (1S711 AB)

Primers | Oligonucleotide sequence Reference
I(IS:Z;Lv%:r?j) 5-TGC-CGA-TCA-CTT-AAG-GGC-CTT-CAT-3’
Bricker and
Halling (1994)
IS7T1LAB 5-GAC-GAA-CGG-AAT-TTT-TCC-AAT-CCC-3
(Reverse)

3.6.4.3. Agarose Gel Electrophoresisfor PCR Assay

The size of amplicon obtained was confirmed by valhgy them to
electrophoretically migrate in 1% agarose gel (Adgar Genei Pvt. Ltd., Banglore)

containing ethidium bromide dye.

1. 50 ml of 1% agarose was prepared in 1X TAE buffed deated it in
microwave for 1 minutes on full power.

2. It was allowed to cool for about 4& and 1ul ethidium bromide (stock conc.
5mg/ul) per 10 ml was added giving a final concaidn of 0.5ug/ml.

3. Gel was poured in to electrophoresis tank afteeringg the comb and was
allowed to solidify to form flat surface for 15 nuites.

4. Then electrophoresis tank was filled with 1X TAHfeu containing 0.5 pg/ml
ethidium bromide, i.e. 1 pl of 5Smg/ml stock to gv&0 ml of buffer and comb
was removed.

5. The isolated DNA samples (PCR product) were loadedarallel with
molecular weight markers (100 bp DNA ladder, FerragnUSA).
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6. The electrophoresis run was allowed for 45 minatie$00 volts and gel was
viewed under UV- Transilluminator (Genei Pvt. LtBanglore) and the PCR

products were confirmed.
3.7. Analysis of data

Analysis of data was done as per standard procedimg methods described
by Thrusfield (2008).

Prevalence (%)

No. of individuals having disease at aparticular point of time 100
X

" No.of individuals in the population at risk at that point of time

Age specific prevalence (%)

No. of individuals having disease in a specified age group at particular time

= ¥ 100
No.of individuals in the specified age group at that point of time
Sex specific prevalence (%)
_ No.ofindividuzls having disease in a particular sex at a particular point of time % 100
a Neo.of individuals in a specified sex groupat that point of time
Place specific prevalence (%)
No.of individuals having disease atspecified place at aparticalar point of time % 100
- No.of individuals at the specified placeat that point of time
Rearing practice Specific Prevalence (%)
_ No.disease individuals in a specific rearing practice at particular point of time % 100
" No.ofindividuals in the specified rearing practice group atthat point of time
Health status Specific Prevalence (%)
No.of diseased individuals in a specific health status at a particular point of time % 100

Neo.of individuals in the specified health statuz group at that point of time
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Sensitivity and specificity were calculated by as per the standard method
(Thrusfield, 2008)

Standard Test
Total
Positive Negative
Thetest to be Positive a b a+b
compared Negative c d c+d
Total a+c b+d atb+c+d =N

The notation used above are defined as under:

a = Number of samples positive to the diagnosstds well as the standard test (True
positives)

b = Number of samples positive to conventional begative to the standard test
(false positives)

¢ = Number of samples negative to conventionalgmsitive to standard test (False
negatives)

d = Number of samples negative to both conventicaradl standard test (true
negatives)

a+ b+ c+d=Total number of samples (N)

Definition and formulae of the indices used for gamng the different assays are
described as following:

Diagnostic Sensitivity (true positive rate): proportion that a test results will be

positive when a disease is present.
s
Sensitivity (%) = —— » 100
a l e

Diagnostic Specificity (true negativerate): proportion that a test result will be
negative when the disease is not present.

Specificity (%) = x 10C

b+d
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3.7 Statistical Analysis
3.7.1. Agreement between thetest: Kappa statistic

The agreement between the tests was evaluatedphyirapkappa statistic as
explained by Thrusfield (2008). Kappa value ranfges O — 1. Arbitrary benchmarks
for evaluation observed Kappa values are:

>0.81 : Almost perfect agreement
0.61-0.80 : Substantial agreement
0.41-0.60 : Moderate agreement
0.21-0.40 : Fair agreement

0-0.20 : Slight agreement

0 : Poor agreement

3.7.2. Concor dance per centage

Concordance percentage was calculating using theuta (Perrin and Sureau,
1987)

No.of serum positive in two test+No.of serum negative in two test

= X 100

Tolal No.ol serum sample lesled
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CHAPTER-4

RESULTS

During present study, out of 470 samples (262 serum, 108 whole blood and
100 milk) were collected from dairy animals (cattle and buffaloes) during the period
from October, 2017 to July, 2018. These sera samples were examined by Rose Bengal
Plate Test (RBPT), Standard Tube Agglutination Test (STAT) and Indirect Enzyme
Linked Immunosorbent Assay (I-ELISA) to know the presence of antibodies against
the Brucella antigen. The predisposing factors for the Brucella antigens were aso
visulised from the informations collected through performa. This study was conducted
to know the prevalence of brucellosis infection in cattle and buffaloes from the
Aligarh, Firozabad, Hathras, Mathura

4.1 District wise Seroprevalence of Bovine Brucellosis

Out of 262 sera samples tested, 26 (9.92%), 42 (16.03%), 17 (6.48%) samples
was found to be positive by RBPT, STAT and i-ELISA, respectively (Table 10). On
the basis of I-ELISA district wise seroprevalence was higher in Firozabad (10.41%),
followed by Mathura (6.47%), Hathras (4.65%) and Aligarh (3.12%). The results
showed that antibodies against Brucella were widely present in animals of different

areas of U.P.

Table 10: District wise Seroprevalence of Bovine Brucellosis

Name of Number of
district animalstested RBPT STAT I-ELISA
(serum samples)

Aligarh 32 1(3.125) 9 (28.125) 1(3.125)
Firozabad 48 9 (18.75) 7 (14.58) 5(10.41)
Hathras 43 4 (9.30) 8 (18.60) 2 (4.65)
Mathura 139 12 (8.63) 18 (12.94) 9 (6.47)
Total 262 26 (9.92) 42 (16.03) 17 (6.48)

Valuein parenthesisisin percentage
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Figure 1: District wise Seroprevalence of Bovine Brucellosis

4.2 Species wise Seroprevalence of Bovine Brucellosis

Species wise seroprevalence analysis showed that distribution of antibodies

against Brucella antigen varied significantly between cattle and buffaloes (Table 11).

The seroprevalence of brucellosis in 203 cattle serum sample tested was found to be
11.82%, 16.25% and 8.37% by RBPT, STAT and |- ELISA, respectively. On the
other hand, in 59 buffalo serum samples, the seroprevaence was 3.38%, 15.25% and
0% by RBPT, STAT and |- ELISA, respectively.

Table 11: Species wise Seroprevalence of Bovine Brucellosis

Number of Number of Number of
Number of ositive ositive ositive
S.No. | Species animals P P I P
tested animals by animalsby | animalsby |-

RBPT STAT ELISA
1 Cattle 203 24 (11.82) 33(16.25) 17 (8.37)

2 Buffaloes 59 2 (3.38) 9 (15.25) 00 (0)
3 Total 262 26 (9.92) 42 (16.03) 17 (6.48)

Valuein parenthesisis in percentage
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Figure 2: Species wise Seroprevalence of Bovine Brucellosis

4.3 Age wise Seroprevalence of Bovine Brucellosis

Analysis of age wise seroprevalence of bovine brucellosis was done by
dividing all 262 total animals in two groups viz. young animals less than 3 years of
age ( 92 animals ) and adult animals more than 3 years of age (170 animals). The
seroprevalence of brucellosis in young animals was 7.6%, 13.04% and 4.34% by
RBPT, STAT and I- ELISA, respectively, while in adult animals the seroprevalence
was 11.17%, 17.64% and 7.64% by RBPT, STAT and I-ELISA, respectively (Table
12). Thus the seroprevaence of bovine brucellosis was significantly higher in adult

animals as compared to young animals.

Table 12: Age wise Seroprevalence of Bovine Brucellosis

Number | Number of | Number of | Number of
S. Ace of animals of positive positive positive
No. 9 animals | animalsby | animalsby | animalsby
tested RBPT STAT I-ELI1SA
Y oung animals
1 (< 3 years of age) 92 7(7.6) 12 (13.04) 4 (4.34)
Adult animals
2. (> 3 years of age 170 19 (11.17) 30 (17.64) 13 (7.64)
3. Total 262 26 (9.92) 42 (16.03) 17 (6.48)

Valuein parenthesisis in percentage
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Figure 3: Age wise Seroprevalence of Bovine Brucellosis

4.4 Sex wise Seroprevalence of Bovine Brucellosis

Only 4 serum samples could be obtained from males and none came positive

samples thus in females, the disease was considerably higher. Still analysis yielded

insignificant results due to small male sample size.

Table 13: Sex wise Seroprevalence of Bovine Brucellosis

S. | Sexof animals | Number of | Number of | Number of | Number of
No. animals positive positive positive
tested animalsby | animalsby | animalsby
RBPT STAT [-ELISA
1. Male 4 00 1 00
2. Female 258 26 41 17
3. Total 262 26 42 17

4.5 Disease wise Seroprevalence of Bovine Brucellosis On the basis of disease

condition the present study estimate the seroprevalence of bovine brucellosis, on the

basis of I-ELISA, out of 18 aborted animals, only 4 were positive and out of 12

animals suffering with pyometra, only 2 were found positive. So maximum
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seropositivity was found in case of stillbirth followed by cases of abortion then repeat
breeding (Table 14).

Table 14: Disease wise Seroprevalence of Bovine Brucellosis

Number | Number of | Number of | Number of
S. Disease of positive positive positive
No. condition animals | animalsby | animalsby | animalsby
tested RBPT STAT I-ELISA
1 Abortion 18 7 (38.88) 9 (50) 4(22.22)
2 Pyometra 12 5 (41.66) 7 (58.33) 2 (16.66)
3 Metritis 8 00 1(12.5) 00
4 Stillbirth 10 2 (20) 4 (40) 3(30)
5 ROP 9 00 1(11.11) 1(11.12)
6 | Repeat breeding 28 10 (35.71) 13 (46.42) 6 (21.42)
Apparently
7 healthy 177 2(1.12) 7 (3.59) 1 (0.56)
(anoestrus)
8 Total 262 26 (9.92) 42 (16.03) 17 (6.48)

Vauein parenthesisis in percentage

M Seroprevalence in percentage of animals by RBPT M Seroprevalence in percentage of animals by STAT

Seroprevalence in percentage of animals by I-ELISA
60 -
50 A
40 A
30 -
20 -
10 -

0
Abortion Pyometra Metritis Stillbirth ROP Repeat Apparently Total
breeding healthy
(anoestrus)

Figure 4: Disease wise Seroprevalence of Bovine Brucellosis
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Table 15: Seroprevalence of Bovine Brucellosis According to Animal Rearing

Practice
Tvoe of Number of Number of | Number of | Number of
S. yp animalstested positive positive positive
animals . . ;
No. rearin (serum animalsby | animalsby | animalsby
9 samples) RBPT STAT I-ELISA
Unorganized
1. reering 92 8(8.68) 5 (5.43) 6 (6.52)
2. Or?g‘:jzed 170 18(1058) | 37(2L76) | 11(6.47)
3. Total 262 26 (9.92) 42 (16.03) | 17(6.48)

Valuein parenthesisisin percentage

4.6 Seroprevalence of Bovine Brucellosis According to Animal Rearing Practice

To find out the seroprevalence of bovine brucellosis on the basis of animals
rearing practice, total 262 serum samples were classified in two groups, unorganized
(92 serum samples) and (170 serum samples) organized herd. The seroprevalence of
bovine brucellosis in organized herd was 10.58%, 21.76%, 6.47% on the basis of
RBPT, STAT and IELISA, respectively. Whereas in unorganized herd, the
seroprevalence was found to be 8.68%, 5.43%, 6.52% by RBPT, STAT and ELISA
respectively (Table 15). Thus organized rearing practice showed more prevaence of

bovine brucellosis than unorganized rearing practice.

W Unorganized Rearing Practices M Organized rearing practices

180 ~
160 -
140 -+
120 -+
100 ~
80 -
60 -
40 -
20 -

Number of RBPT STAT ELISA
Animals tested

Figure 5: Seroprevalence of bovine brucellosis according to animals rearing

practice.
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4.7 Molecular detection of Brucella sppsby PCR

Extraction of DNA was done from three types of samples viz., serum, whole
blood and milk, obtained from different animals. Quantification of DNA extracted
was done spectrophotometrically at 260 and 280 nm using nanodrop Spectro-
photometer for determination of sample concentration and purity. The isolated
genomic DNA samples were subjected to agarose gel electrophoresis in ethidium

bromide stained agarose gel for assessing their integrity (Brown, 2007).

Brucella genus specific BCSP31 PCR Assay: Using genus specific primer pair
BCSP31 B4/B5, an amplification product of 223bp was obtained in total 5 samples
tested (3 whole blood samples and 2 milk samples) confirming their identity as
members of genus Brucella. In 1S 711 AB PCR, al the 5 isolates positive for genus
specific bcsp31 gene exhibited B. abortus specific amplification product of 498bp.

So the percentage positivity of Brucella abortus by PCR was found to be 2.8%
and 2% from whole blood and milk samples respectively. (Table 16) Thus, among
samples processed for PCR, whole blood was found to be better than milk and serum.
A combination of RBPT, STAT and I-ELISA is found to be the most suitable
combination of serological testsand in cases where disease is not frank or serological
cross reactions are confounding the results, molecular confirmation by PCR assay

using whole blood might be suitable for diagnosis of bovine brucellosis.

Table 16: Comparison of PCR assay from Serum, Whole Blood and Milk

samples
I\lsé. Type of samples Number of samples N;Tnl;i;x%sgge
1. Serum 100 0
2. Whole Blood 108 3(2.8)
3. Milk 100 2(2)
Tota 308 5(1.62)

Valuein parenthesisisin percentage
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4.8 Relative sensitivity (Rse) and Relative specificity (Rsp) of RBPT and STAT
compared to I-ELISA:

The I-ELISA was taken as a standard test and relative sensitivity and relative
specificity of the RBPT and STAT were calculated. The relative sensitivity of RBPT
and I-ELISA was higher (75%) as compared to STAT (64.7%). On the other hand the
relative specificity of RBPT and I-ELISA was also higher (94.71%) as compared to
STAT and I-ELISA (87.34%). (Table 17)

Table 17: Relative sensitivity (Rse) and Relative specificity (Rsp) of RBPT and
STAT compared to|-ELI1SA

S No. Test Relative sensitivity Relative specificity
(Rse) (Rsp)
1 RBPT and ELISA 75% 94.71%
2. STAT and ELISA 64.7% 87.34%

4.9 Concordance Percentage between Test applied for Diagnosis of Bovine
Brucdllosis:
The concordance percentage between of RBPT and STAT were calculated on
taking I-ELISA as standard test. The concordance between RBPT and I-ELISA was
more (91.98%) as compared to STAT and I-ELISA (85.87%) (Table 18).

Table 18: Concordance percentage between RBPT and STAT on taking I-ELISA

as standard test
S. No. Test Concor dance per centage
1. RBPT and ELISA 91.98%
2. STAT and ELISA 85.87%

4.10 Kappa values for different combination of tests applied for diagnosis of

Bovine Brucdllosis:

RBPT, STAT and I-ELISA were compared against each other by applying
kappa statistic. According to kappa statistic moderate agreement (0.5547) was found
between RBPT and I-ELISA while STAT and I-ELISA show fair agreement (0.3061)
(Table 19).
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Table 19: Agreement between RBPT, STAT and I-ELISA by applying Kappa

statistic
S. No. Combination of test Kappavalue Comment
1 RBPT and ELISA 0.5547 M oderate agreement
2. STAT and ELISA 0.3061 Fair agreement
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Photograph 1: Species specific detection of B.abortus based on IS711/AB
PCR Assay (498bp).
Lane M- 100 bp DNA ladder, Lane-1 and 3 positive samples
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Photograph 2: Brucella genus specific PCR assay BCSP31 (223bp)
Lane Z- 100 bp DNA ladder, Lane-14 and 15 positive samples
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Photograph 3: ELISA plate showing positive and negative controls
and positive sample

Photograph 4: Protein-G based indirect EL1SA kit for Bovine Brucellosis
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CHAPTER-5

DISCUSSION

Brucellosis is the most common zoonosis reportedidwede and is
responsible for considerable economic losses dwabdotion and culling of infected
animals. About 90 percent of global Brucellosisws in resource —limited countries
or tropical climatic regions of the world wheredstock provides major mean of
livelihood. Brucellosis causes huge economic logeethe farmer through birth of
weak calves, stillbirths, prolonged inter-calvingerrvals, infertility in male animals
and interference in the breeding programme of dhasaborted (McDermott, Grace
& Zinsstag 2013; Singh, Dhand & Gill 2015; Tasaieteal. 2016). Disease is a
serious occupational hazard in humans with farmkess; veterinarians, paravets,

abattoir workers and alb workers being at maximigk r

First recorded in India in 1887 (IVRI, 1977), brilosis has now become
endemic throughout the country with prevalence irmpdgrom 6.5% to 16.4% in
various livestock species (Aulakh et al., 2008; [&mhur et al., 2007; Lone et al.,
2013; Shome et al., 2006; Thoppil, 2000). It issaE@IS concern to dairy industry of
India. The major factors responsible for such uogdented spread are absence of a
control policy, failure to vaccinate young femakdves, non implementation of test
and slaughter, ban on cow slaughter in many regadnghe country, absence of
treatment regimen and usual practice of sellingitpesreactor animals to other

farmers.

In the present study, the prevalence of bovine dlogis in cattle and
buffaloes was determined by using Rose Bengal Hlast (RBPT), Standard Tube
Agglutination Test (STAT), Indirect Enzyme Linkedmmunosorbent Assay
(I-ELISA) and PCR assay. A total of 262 serum sa®splL00 milk samples and 108
whole blood samples from cattle and buffaloes wetkected and processed to assess

the prevalence of bovine brucellosis in four didsriof western UP in India.

In the study, an overall seroprevalence of bovingdllosis in the western
Uttar Pradesh including the Aligarh, Firozabad, Hfias and Mathura district was
revealed to be 9.92%, 16.03% and 6.48% using RBFAT, I-ELISA respectively.

Among the studies done in India, the results obtsimilar to our study were 12.9%
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in Punjab (Dhand et al., 2005), 8.98 to 44% in @ijatate (Chauhan et al., 2000),
12.37% by IELISA in western UP (Kumar et al., 20H6)d 18.26% in Gujarat by
Patel et al. (2015) although slightly lesser sestpaty of 6.3% was found in M.P. by
Mehra et al. (2000). A large study conducted ins28es of India with 30,437 cattle
and buffalo samples found an overall sero-prevaeoic 2% (Isloor et al., 1998)

which is in accordance with the findings of thisdst.

Other studies by Krishnamoorthy et al. (2015) amdg&ndia et al. (2015)
which estimated the prevalence to be 10.20% by R&RT11.63% by I-ELISA in
southern India and that in Andhra Pradesh, Gudt@disha to be 6, 8.2 and 2.3 %
respectively supported the findings of this study.

Previous studies have suggested the seroprevatérmecellosis to be 6.5%
in Jordan (Al-Majali et al., 2009), 8.4% in Camemd@ayami et al., 2009) and 32.9%
to 39.4% in turkey (Sahin et al., 2008), and 15iA%oroti district Uganda (Egaru et
al. 2013).

An overall seroprevalence of 30.1% by RBPT in Harafistrict of
Zimbambwe (Vhoko et al., 2018) was quite highemtlize results obtained in the
present study whereas lesser seroprevalence of w&¥estimated by Adugna et al.
(2013) in Western Ethiopia using RBPT.

Almost similar seroprevalence was obtained by Jargeal. (2009) who got
an overall seroprevalence at the individual anidesfel to be 2.9% in central

Oromiya, Ethiopia.

A high prevalence of bovine brucellosis in Punjadhtes was estimated by
Aulakh et al. (2008) at 18.26% while present stuestimates the overall
seroprevalence to be 6.48% on the basis of I- ELIBA study by Aher et al. (2011)
in Maharashtra also, overall seroprevalence of 386,754.05% and 47.29% was
found by iELISA, RBPT and STAT which was much higkiean the results obtained
in this study. Similarly very high seropositivity 45.8% and 41.55% by IELISA was
found by Jagapur et al. (2013) and Pathak et LGP respectively, in their studies.

This study showed higher seroprevalence in caltén tbuffaloes. Similar
results have been shown by various other authontakh et al., 2008; Kumar et al.,
2016; Patel et al., 2015) whereas results opptsiteat of this study were obtained
by other workers like (Jagapura et al, 2013; Krashoorthy et al., 2015) who found
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higher seropositivity of brucellosis in buffaloeghrer than cattle. Buffalo might show
some natural resistance to brucellosis causingiessopositivity in them (Fosgate et
al., 2011). Another epidemiological study found Séto-prevalence in cattle and 3%
in buffalo in India (Renukaradhaya et al., 2002)

The prevalence estimated in organized herds ofaftligFirozabad, Hathras
and Mathura region in the present study was higeezompared to prevalence in the
unorganized herds. The disease is supposed to teprevalent in areas of intensive
animal husbandry practices such as organized f@RDSADMAS, 2011). It might
have been due to break in chain of disease spmadgdiscreet populations. Also
organized herds usually adopt artificial insemimatiover natural service and
brucellosis spreads very rapidly through Al if teemen is contaminated. Also
exposure to contaminated material and horizongalstmission of disease in organized
farms because of poor management practices andcrowating increases the
propensity of spread of disease. Close contactdmivanimals, high animal density,
poor hygienic practices like improper disposal lobred fetuses and fetal membranes
and vaginal secretions, which ultimately help ipidaspread of infection from one
animal to another in organized farms might be tbg keasons for such a finding
(Manish et al., 2013). If an infected animal remfna longer time on a farm then
chance of more positive animals on that farms emxe with time (Radostits et al.,
2000). Various other authors have also reportedlai findings (Shome et al., 2014,
Jagapur et al., 2013; Kumar et al., 2016; Kachhavedltal., 2005; Khan et al., 2016).
Mufinda et al. (2015) also estimated the seropeswa@ of bovine brucellosis at
individual level to be 14.96% and at herd leveb&40.16%; Isloor et al. (1998) also
showed the prevalence to be more in organised (#eitdo) than cattle owened by
individually. Higher seropositivity was also repadtin organized farms from Punjab

region of Pakistan (Nasir et al., 2004).

The present study revealed the agewise seropr@ealan case of young
animals (92/262) to be 7.76%, 13.04% and 4.34% By R STAT and I-ELISA
while adult animals (170/262) showed seroprevalelité7%, 17.64% and 7.64%.
Thus higher seroprevalence was found in adult asinas compared to young
animals. The finding of the present study were amoordance with the studies
conducted by previous workers (Egaru et al., 2&t#n et al., 2016; Kushwah et al.,
2016’ Khajuria et al., 2014). Study by Kumar et 016) showed that young claves
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had significantly higher seropositivity (10.38%)dait further increased in sexually

matured adults (12.71%). Gogoi et al. (2017) fothrdhighest prevalence in the age
group 3-7 years. Lower seroprevalence of bruceallasi young animals could be

attributed to resistance of sexually immature eatilinfection, or to less time of risk

of exposure. Increased susceptibility to clinicdedse with age, could be more
associated with sexual maturity due to the effaftssex hormone and placenta
erythritol on the pathogenesis of brucellosis (Assret al., 2013).

On the basis of disease condition, in the presdntlys maximum
seropositivity was associated with still birth (30%llowed by abortion (22.22%),
repeat breeding (21.42%) and retention of plac€hblall%). No correlation was
found between occurrence of brucellosis and aneesgtrapparently healthy animals.
A significant association betweeBrucella infection band risk markers, such as
abortion, retention of placenta and repeat breedingported by some researchers.
Aulakh et al. (2008) found significant associatiogiween brucellosis and abortion
and retention of placenta, but not between bruselland repeat breeding. Mugizi et
al. (2015) and Asmare et al. (2013) found no sigaift association betwed@rucella
seropositivity with abortion and retention of platae Similar results have also been
found by other workers like Ndazigaruye et al. @01Gogoi et al. (2017) correlated
abortion to be the main risk factor associated \htn disease (64.24%) followed by
retention of placenta (47.13%). Abortion as a gigait risk factor for brucellosis has
also been put forth by workers like Patel et &016) who showed the higher
prevalence of bovine brucellosis in case of abor{#b.50%) and Krishnamoorthy et
al. (2015) who reported a seropositivity of 45-5086 animals with history of
abortion. Brucella’s primary source in dairy animals is uterine fluithgenta or
aborted faetus expelled by infected cattle duriadgysition. Although not all abortion
are due to brucellosis, abortion is a major clingign of the brucellosis in cattle and
buffaloes and therefore disease should be suspettenever these signs are
observed (Godfroid et al., 2010).

For the diagnosis of bovine brucellosis, seroldgicathods like RBPT, STAT
and I-ELISA etc are used quite rampantly. RBPT hasn used as an individual
screening test for bovine brucellosis but hasm#ations. There might be chances of
false positive reactions which arise due to fibelats or due to cross reactivity of

antibodies produced in animals due to other mictbbe share epitope witBrucella
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species. The acid pH further diminishes agglutoratby IgM but encourages
agglutination by Ig@ thereby reducing cross reactions (Corbel, 1972).

Achievement of an infallible diagnosis of bruceitoss a tedious process,
because isolation of the etiological agent is mficed by numbers of factors viz.
highly fastidious growth requirement, lower numbéwriable organism in the sample
and delay in sample transportation to the laboyatord due to zoonotic nature of
disease it causes potential health hazard for ébior workers. This requires BSL 3
facilities which are not easily available. Thus swllar detection is a tool which can

be used very reliably in absence of ability toaselthe organism.

And for comparison of serological and moleculatgeserum (100 samples),
whole blood (108 samples) and milk (100 samplegyevsubjected to PCR assay and
amplicons of 223bp oBrucella bcsp 31 gene (genus specific) (Baily et al., 1992)
and 498bp oBrucella species specific IS711 AB gene (Bricker and Hgllih994)
were obtained. Out of 100 serum samples no possiveple was detected by PCR
while from 108 whole blood samples, 3 were foundifpee and from 100 milk
samples, 2 were found positive by PCR. The wid&tian in the number of samples
detected as positive by RBPT (26), STAT (42), ELIGAX) and PCR (5) might be
due to many factors. None of the serum samplesigieDNA which implied that
Brucella organism was not present in the serum of thosmalsieven though the
antibody titre was quite high leading to positivesults in serology (Singh et al.,
2010). It has been reported that PCR could defgabSDNA (Kaushik et al., 2006).
Various PCR procedures have been developed foddtection of Brucella (Zamain
et al., 2015; Probert et al., 2004; Tanmay, 2087abortusremains intracellularly
and this poses a problem for selection of a swetabimple (Wattam et al., 2009). Only
during acute phase of infection, it circulates iadol, mostly inside the white blood
cells and hides itself in mammary organs, genitghons and lymph nodes (Morgan
and Mackinnon, 1979). Hence sample should be selemtcording to the phase of
Brucella’s life pattern which is not practically gmble to find out. In the present
study, comparison was made based on the ease ofédxMaction from serum, whole
blood and milk and whole blood was found to be bedter sample for DNA
extraction to perform PCR assay as DNA might hasenbin very low or negligible
guantity in serum and in milk, presence of fat glels and other proteins etc might
have inhibited the DNA vyield. Karthik et al. (201d)so performed bcsp 31 gene

45



Discussion

based PCR and species specific IS 711 gene badedisig whole blood samples to
detect 15.13% positivity. Their results indicatétt whole blood can be used for
studying the molecular epidemiology d.abortus in bovine and particularly
detecting the active phase of infection. Furtlarthe time of equilibrium of host
parasite interaction, the Brucellae may persistimsulation for some time before
getting localized in their preferred sites. Simitasults that DNA can be extracted
from whole blood and used as a sample for scredoinigrucellosis has been reported
by Guarino et al. (2000) in buffaloes, Keid et @010) in dogs and Khamesipour
et al. (2013) in cattle and sheep. Al Nakkas et(2002) and Leat-Klevezas et al.
(2000) used buffy coat instead of whole blood fadADextraction as macrophages
take up brucellae but buffy coat needs additiosééps (Mitka et al., 2007) and hence
the use of whole blood as such was tried in thidysind it showed better results. Use
of commercially available kits have been said teehianproved the quality as well as
the quantity of extracted DNA (Queipo-Ortuno et &008; Keid et al.,, 2010) as
compared to conventional DNA extraction.

Alamian et al. (2017) described a noval PCR assaydétectingBrucella
abortus Daugaliyeva et al. (2016) developed a differéiRi@R assay for detection of
Brucella abortus Orizil et al. (2016) conducted a multiplex PCRheique for
detection of brucella spp. Hemande and Gandge 28i@wved that PCR-SSCP is
more sensitive than PCR-RFLP for detection of pagwhism in BCSP31 gene.
Arasoglu et al. (2013) detected Brucella genus ispeBCSP31 PCR from tested
milk samples. In a study by Rekha et al. (2013jyenof the samples of blood, milk
and serum were positive for brucellosis. Varioustdes like time of sample
collection, infection status of the animal, corwitiof farm, number of samples

collected can influence the results.

The present study adds to the prevalence dataablailegarding t®.abortus
infection in bovine population and highlights theetulness and advantage if using
molecular tools as PCR over serological tests. f@selts of this study provided
serological as well as molecular evidence of widesg@ endemic presence of
brucellosis in dairy animals in western UP Indiaedent study also indicates that
species, age, rearing system and disease condigos significant risk factors in the
epidemiology of bovine brucellosis in western UtRwadesh, India. Presence of

brucella antibodies in non vaccinated animals w&agb suggestive of infection. The
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seropositivity in organized farms is at alarmingelle Brucellosis being a zoonotic
disease poses continuous hazard to animal haridtensts exposed to the infected
animals of acquiring the infection. Thus brucekoss not only the cause of
reproductive and production losses but also mayhbepotential biohazard in this
region. A combination of RBPT and | ELISA can besessfully used for screening
brucellosis when prevalence is low. However, mdkcwapproach to identify
Brucella at species level is advantageous over serologicabtloer conventional
approaches like bacteriology which require longation for isolation of the
organism, sophisticated laboratory facilities &erological tests may be plagued with
extensive cross reactions and hence false poséa@ions leading to over estimation
of the spread of the disease. The BCSP31 B4/B3&#l A/BPCR is very specific,
rapid, safe and confirmatory diagnostic tool fotedion of brucellosis where whole
blood can be used as a sample of choice. FurtleeofBCR-RFLP will be a valuable

tool for epidemiological and evolutionary studiéBoucella.
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CHAPTER-5

SUMMARY AND CONCLUSIONS

Brucellosis is one of the most important contagious and communicable
bacterial diseases, of cattle and buffaloes caused by Brucella abortus. It is worldwide
in distribution and is endemic in most parts of world especialy the developing
countries. It is considered a remerging though neglected zoonosis with high rates of
morbidity and lifetime sterility. The incidence of brucellosis cases is increasing over
the recent years especialy in developing countries due to poor management, limited

resources and increased trade and frequent movement of livestock.

Brucellae are gram negative, facultative intracellular, nonmotile, non spore
forming coccobacilli, requiring an optimum temperature of at 37° C to produce visible
colonies after 24 hrs, and may require supplementary CO, for their growth especialy
on primary isolation. Transmission mainly occurs through the skin, conjunctiva or
respiratory mucosa by inhaation and most commonly through oro-faecal route in
cattle. The disease is characterized by abortion storms in the animal herds leading to
retension of placenta and infertility. The disease is aso an important public health
threat and causes chronic debilitating sickness in humans if not treated efficiently and
in time. Currently three major approaches are being employed including
microbiological, serological and molecular techniques. The absence of a perfect rapid
reference diagnostic test makes evaluation of serological tests difficult. Although
isolation is considered as gold standard but in the case of brucellosis, it is seldom
successful. Apart from serological tests, molecular approaches have been explored to
overcome these problems. Various studies have been conducted in India to establish
the prevalence of the disease in bovines but to assess the change in the
seroepidemological situation of the disease after the initiation of bovine brucellosis
control programme, more studies are needed. Therefore present study was designed to
assess the epidemiology of the disease in bovines suffering with various reproductive
disorders in and around Mathura region, contribution of Brucella to those
reproductive disorders, comparative efficacy and diagnostic performance of existing

serological and molecular tests with the following objectives:
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» To detect the prevalence of brucellosis in bovines suffering with reproductive

disorders using various serological and molecular tools.

* To study the relationship between brucellosis and associated risk factors in

dairy animals with reproductive disorders.

* To compare the diagnostic performance of different serological and molecular

tests employed for diagnosis of brucellosis in bovines.

* To compare the efficacy of using whole blood, milk and serum as specimens

for PCR assay for diagnosis of Brucellosis.

In this cross sectional study a total of 470 samples collected from cattle and
buffaloes of different districts viz Aligarh, Firozabad, Hathras and Mathura were
screened for prevalence of bovine brucellosis using Rose Bengal Plate Test (RBPT),
Standard Tube Agglutination Test (STAT) and Indirect Enzyme Linked
Immunosorbent Assay (I-ELISA) and PCR.

An overall seroprevalence of brucellosisin cattle and buffaloes was calcul ated
to be 9.92%, 16.03% and 6.48% by RBPT, STAT and I-ELISA respectively. Analysis
of seroprevalence of brucellosis with respect to district, age, species, rearing practice
and diseased condition with reproductive problems of dairy animals was determined
and this study estimate that these epidemiological factors significantly affects the
seroprevalence of brucellosis.

District wise seroprevalence of brucellosis in cattle and buffaloes on the basis
of I-ELISA estimate that brucellosis was widely prevalent in animals of different
district viz. Aligarh, Firozabad, Hathras and Mathura and seropreva ence was 3.12%,
10.41%, 4.65% and 6.47% respectively, using I-ELISA.

The seroprevalence of brucellosis was observed to be higher in sexualy
mature adult animals more than 3 years of age (7.64% using I-ELISA) than in young
animals (4.34% using I-ELISA) as sexually mature adult animals are continuously

exposed to the infectious.

Species wise seroprevalence was higher in cattle (11.82%, 16.25% and 8.37%
using RBPT, STAT and I-ELISA respectively) than buffaloes (3.38%, 15.25% and
0% using RBPT, STAT and I-ELISA respectively).
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On the basis of animals rearing practices the seroprevalence was higher in
organised herd (10.58% and 21.76% using RBPT and STAT) than unorganised herd
(8.86% and 5.43% using RBPT and STAT respectively) but seroprevalence was
nearly similar by using I-ELISA (6.47%) in organised herd and (6.52%) in
unorganised herd.

The seroprevalence of bovine brucellosis was maximum in cases of stillbirth
(30%) followed by abortions (23.52%), repeat breeding (21.42%), pyometra
(16.66%), retension of placenta (11.11%) by I-ELISA. There was amost no positive

samples among animal s suffering with metritis or anoestrus.

All the serological test RBPT, STAT and I-ELISA used for diagnosis of
bovine brucellosis were compared for sensitivity and specificity. The relative
sensitivity and specificity of RBPT (75% and 94.71%) respectively was much more
than STAT (64.70% and 87.34%) respectively by taking I-ELISA as the standard test.
RBPT and STAT and I-ELISA were compared against each other by applying Kappa
statistics and concordance percentage. According to kappa statistics, moderate
agreement (0.5547) was present between RBPT and I-ELISA while STAT and I-
ELISA showed fair agreement (0.3061). Similarly concordance between RBPT and |-
ELISA was more (91.98%) as compared to STAT and I-ELISA (85.87%).

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.

50






BIBLIOGRAPHY

Adugna KE, Agga GE, Zewde G. 2013. Seroepidemiockigsurvey of bovine
brucellosis in cattle under a traditional productgystem in western Ethiopia;
Rev. sci. tech. off. Int. epiz, 32(3), 765-773.

Aher AS, Londhe SP, Mhase PP, Bannalikar AS, Digbe 2011. Comparison of
serological methods for the detectionBrficella abortus antibodies in sera of
infected Bovine. The Indian Journal of Field Vetarian, (7): 14-16.

Al Dahouk S, Nockler K. 2011. Implication of labtwey diagnosis on brucellosis
therapy. Expert Rev Anti Infect Ther, 9:833-845.

Al Nakkas AF, Wright SG, Mustafa AS, Wilson S. 20@&ngle-tube, nested PCR for
the diagnosis of human brucellosis in Kuwait. Admop. Med. Parasitol,
96:397-403.

Alamian S, Esmaelizad M, Zahraei T, Etemadi A, Muoh@zadi M, Afshar D,
Ghaderi S. 2017. A novel PCR assay for detedBnggella abortus. Osong
Public Health Res Perspect, 8(1): 65-70.

Alemu F, Admasu P, Feyera T, Niguse A. 2014. Senmglence of Bovine
Brucellosis in Eastern Ethiopia. Academic Journ&l Amimal Disease,
3(3):27-32.

Al-Majali A, Tolafha A, Ababneh MM, Ababneh M. 200%eroprevelence & risk
factors for Bovine Brucellosis in Jordan, Journdl \¢eterinary science

10(1):61-65.

Almuneef M and Memish ZA. 2004. PrevalenceBrficella antibodies after acute
brucellosis. J Chemother, 15:148-153.

Alton GG, Jones LM and Piezt DE. 1975. Laboratagghhiques in brucellosis.
Monograph series no.55"%d., World Health Organization (WHO), Geneva,
pp.112-113.

Alton GG, Jones LM, Angus RD and Verger JM. 198&chniques for the

Brucellosis Laboratory {8 edn.). INRA, Paris, France.



Bibliography

Alton GG, Jones LM, Pietz DE. 1975. Serological moelfs in: Laboratory techniques
in brucellosis. Chapter 2. FAO and WHO, Geneva,l@4:

Alves CJ, Figueiredo SM ,Azevedo SS ,ClementindKiid LB, Vasconcellos SA,
Batista CSA, Rocha VCM, Higino SS. 2010. DetectainBrucella ovis in
ovine from Paraiba state, in the Northeast regibBrazil. Brazilian Journal
of Microbiology 41:365-367.

Anderson TD, Meador VP, Cheville NF. 1986. Path@genof placentitis in the goat
inoculated with brucella abortus. Vet. Pathol. 23-226.

Araj GF. 2010. Update on laboratory diagnosis ahhn brucellosis. Int J Antimicrob
Agents 36S: S12-7.

Arasoglu T, Gulluce M, Okzan H, Adiguzel Aahin F. 2013. PCR detection of
Brucella abortus in cow milk samples collected from Erzurum, Turk@&wurk J
Med Res 43:501-508

Ariza J, Pellicer T, Pallares R, Foz A and Gudioll§92. Specific antibody profile in
human brucellosis. Clin. Infect. Dis. 14:131-140.

Asmare K, Sibhat B, Molla W, et al. 2013. The statf bovine brucellosis in
Ethiopia with special emphasis on exotic and ctwesl cattle in dairy and
breeding farms. Acta Tropi, 126(3):186-192.

Aulakh HK, Patil PK, Sharma S, Kumar H, MahajanSg4ndhu KS. 2008. A Study
on the Epidemiology of Bovine Brucellosis in Punjdhdia) Using Milk-
ELISA. Acta. Vet. Brno, 77: 393—-399.

Azami YH, Ducrotoy MJ, Bousli KM, et al. 2018. Tipeevalence of brucellosis and
bovine tuberculosis in ruminant in Sidi Kacem Prod, Morocco. PLOS
ONE, 13(9): e0203360.

Baily GG, Krahn JB, Drasar BS and Stokeer NG. 1992tection ofBrucella
melitensis and Brucella abortus by DNA amplification. The Journal of
Tropical Medicine and Hygiene, 95:271-275.

Barroso GP, Rodriguez CPR, Extremer BG, Maldonada, Muertas GG and
Salguero MA. 2002. Study of 1,595 brucellosis casdbe Almaria province
(1972-1998) based on epidemiological data fromadieegeporting. Rev. Clin.
Espanola, 202(11): 577-582.



Bibliography

Bayemi PH, Webb EC, Nsongka MV, Unger H, Njakoi 2009. Prevalence of
Brucella abortus antibodies in serum of Holstein cattle in Camerdmopical
Animal Health and Production, 41:141-144.

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

Bricker B J. 2002. PCR as diagnostic tool for Biloses. Veterinary Microbiology,
90(1-4): 435-46.

Brown TA. 2007. Essential Molecular Biology. Oxfotshiversity Press. ™ edn,
1:96-100.

Carmichael LE and Greene CE. 1990. Canine Brugdslindnfectious diseases of the
Dog and Cat. Philadelphia: WB. Saunders Company7-584.

Chand P, Sadana JR, Malhotra AK. 2002. Epididynotitis caused byBrucella

melitensisin breeding rams in India. Veterinary Records, 1B085.

Chauhan HC, Chandel BS, Shah NM. 2000. Seropresaleaf brucellosis in
buffaloes in Gujarat. Indian Veterinary Journal,1105-06.

Cloeckaert A, Vizcaino N. 2004. DNA polymorphismdataxonomy ofBrucella
species. In: lopez-Goni I, Moriyon |, editoBrucella molecular and cellular

biology. Horizon bioscience, p. 1-24.

Corbel MJ, Bannai M. 2005. GenusBrucella Meyer and Shaw1920, 173 Al. In:
George G, Don JB, James TS, Noel RK, David RB, P&yIMichael G, Fred
AR, Karl-Heinz S, editors. Bergey’s manual of sysiee bacteriology. & ed.
New York: Springer Science Business Media, p.370-86

Corbel MJ.1972. Characterization of Antibodies #etin the Rose Bengal Plate Test.
Vet. Rec, 9:484-485.

Crawford RP, Huber JD, Adams BC. 1990. Epidemiolamnd surveillance. In:
Nielsen K, Duncan JR. Edi. Animal brucellosis. BdRaton, Florida: CRC
Press. 131-148.



Bibliography

Daugaliyeva A, Pcletto S, Sultanov A, Baramova Suts PL, Adambaeva A,
Tusipkanuly O and Usserbayev B. 2016. Developméra differential PCR
assay for detection dBrucella abortus and Brucella melitensis. Journal of
Food Quality and Hazards control, 3(2): 53-59.

De Klerk E, Anderson R. 1985. Comparative evalumataf the enzyme-linked

immunosorbent assay in laboratory diagnosis. DiaBacteriol, 138:361.

Degefu H, Mohamud M, Hailemelekot M, Yohannas M120Seroprevalence of
bovine brucellosis in agro pastoral areas of dijjmpne of Somali National
Regional State, Eastern Ethiopia. Ethiopian Vetegidournal, 15:37-47.

Dhand NK, Gumber S, Singh BB, Aradhna, Bal MS, KutdaSharma DR, Singh J,
Sandhu KS. 2005. A study on the epidemiology ofcelosis in Punjab
(India) using survey toolbox. Rev. Sci. Tech, 2463)9-885.

Egaru D, Zirintunda G, Ekou J. 2013. Seroprevalaotdrucellosis in cattle of
Arapai sub county of saroti, Uganda. Journal of éfkpental Biology &

Agricultural Science, Volume 1(6).

Emminger AC and Schalm OW. 1943. The effecBaicella abortus on the bovine
udder and its secreation. Am. J. Vet. Res, 4:1(D-10

Foliste RO, Boi-Kikimoto BB, Emekpe BO, Atawalna 2014. The prevalence of
Bovine tuberculosis and Brucellosis in cattle freglected herds in Dormaa
and Kintampo Districts, Brong Ahafo region, Ghadachives of Clinical
Microbiology. 5(2): 1 doi 10.38231280

Fosgate GT, Diptee MD, Ramnanan A, Adesiyun AA.R2@rucellosis in domestic
water buffalo Bubalus bubalis) of Trinidad and Tobago with comparative
epidemiology to cattle. Tropical Animal Health aRdoduction, 43:1479-
1486.

Foster G, Osterman BS, Godfroid J, Jacques |, st A. 2007 Brucella ceti spp.
nov. andB. Pinnipedialis spp. nov. forBrucella strains with cetaceans and
seals as their preferred hosts. International dbuh Systematic Evolution
Microbiology, 57:2688-2693.



Bibliography

Gall D and Nielson K. 2004. Serological diagnodi®avine brucellosis: a review of
test performance and cost comparison. Rev. Sch.Tet. Int. Epiz , 23(3):
989-1002.

Geering WA, Forman JA and Nunn MJ. 1995. Exotice@ses of Animals. Australian
Government Publishing Service, Canberra, Austrplia 301-306.

Geresu MA, Ameni G, Wubete A, Gamboa AMA, Kassa GX16. Isolation and
identification of Brucella species from dairy cattle by Biochemical test; The
first report from Ethiopia. World vet J, 6(2); 88-8

Ghodasara SN, Roy A and Bhanderi BB. 2010. Comparef Rose Bengal Plate
Agglutination, Standard Tube Agglutination and hedi ELISA tests for
detection ofBrucella antibodies in cows and buffaloes. Veterinary World
3(2): 61-64.

Godfroid J, Saegerman C, Wellemans V, WalravensL&tesson JJ, Tibor A,
McMillan A, Spencer S, Sanna M and other author8022 How to
substantiate eradication of bovine brucellosis wileerspecific serological
reactions occur in the course of brucellosis tgstWfeterinary Microbiology,
90: 461-477.

Gogoi SB, Hussain P, Sarma PC, Baruah AG. 201%aRnece of bovine brucellosis
in Assam, India. Journal of Entomology and Zool&jydies, 5(4): 179-185.

Guarino A, Serpe L, Fusco G, Scaramuzzo A, Gall@d®0. Detection oBrucella
species in buffalo whole blood by gene-specific P€&erinary Record, 147:
634-636.

Hemade MV and Gandge RS. 2016. Molecular typin@raicella species by PCR-
RFLP and SSCP. Indian Journal of Animal Sciené€& )8 502-507.

Hemade MV, Gandge RS, Bannalikar AS. 2015. Dairabif animal brucellosis by
cultural method. Indian Journal of Animal Scien8®(6): 564-569.

Isloor S, Renukaradhya GJ, Rajasekhar M. 1998. ralagical survey of bovine
brucellosis in India. Review Scientific Techniq&dE), 17(3): 781-785.



Bibliography

Jagapur RV, Rathore R, Karthik K, Somavanshi R.32®eroprevalence studies of
bovine brucellosis using indirect-enzyme-linked iomosorbent assay (i-

ELISA) at organized and unorganized farms in thadkerent states of India.
Veterinary world, 6: 550-553.

Jama’ayah MZ, Heu JY, Norazah A. 2011. Seropreealeof brucellosis among
suspected cases in Malaysia. Malays J Pathol, :33(134.

Jergefa T, Kelay B, Bekana M, Teshale S, GustafsipnKindahl H. 2009.

Epidemiological study of bovine brucellosis in thragro-ecological areas of

central Oromiya, Ethiopia. Review Scientific Tedumes (OIE), 28(3): 933-
943.

Kacchawaha S, Singh K, Tanwar RK. 2005. Serologstalvey of Brucellosis in
cattle and buffaloes of Jodhpur Region. VeterirRuacticener, 6: 43-44.

Kala MS, Sankala LN, Kant L, Kumar L, Puniya SR,aBhNM. 2018. Isolation,
Identification and Molecular detection &frucela abortus from bovines of

North Gujarat. Journal of Entomology and Zoologyd#ts, 6(3): 1523-1527.

Karthik K, Rathore R, Thoman P, Elamurugan A, AR and Dhama K. 2014.
Serological and Molecular detectionBrfucella abortus from cattle by RBPT,

STAT and PCR and sample suitability of whole blé@dPCR. Asian Journal
of Animal and Veterinary Advances, 9(4): 262-269.

Kaushik P, Singh DK, Tiwari AK, Kataria RS. 2006afd detection of brucella

species in cattle semen by PCR. Journal of AppAednal Research, 30:1,
25-28.

Keid LB, Soares RM, Vasconcellos SR, Salgado VRgiMe], Richtzenhain LJ.

2010. Comparison of a PCR assay in whole blood ssamdm specimen for
canine brucellosis diagnosis. Vet. Rec, 167:96-99.

Khajuria BK, Malik MA, Tiwari A, Sharma N, Hussaid. 2014. Seroprevalence of

brucellosis in buffaloes in North India. Internaté Journal of Agriculture,
Environment and Biotechnology, 7(4): 711-717.

Khamesipour F, Doosti A, Taheri H. 2013. Molecudatection oBrucella spp. in the

semen, testis and blood samples of the cattle &edps J Pure Applied
Microbiol, 7:495-500.

vi



Bibliography

Khan I, Qureshi MS, Khan R, Sohail SM, Ahmad |, &b M and ljaz A. 2016.
Evaluation of brucellosis as a public health hazambler the biorisk
management perspective. Meat science and vetemudatic health. Volume 1
Issue 1 page 11-16.

Khan MZ and Zahoor M. 2018. An Overview of brucsifin Cattle and Humans,
and its serological and molecular diagnosis in mnstrategies. Tropical

medicine and infectious disease, 3: 65.

Khurana SK, Srivastava SK, Prabhudas K. 2012. $evafence of bovine brucellosis
in Haryana by avidin-biotin serum ELISA and its quarison with RBPT and
STAT. Indian Journal of Animal Science, 82(5): 480.

Ko J and Splitter GA. 2003. Molecular host-pathogeteraction in brucellosis:
current understanding and future approaches tanadezvelopment for mice

and humans. Clinical Microbiological Reviews, 2852253.

Kollannur JD, Rathor R, Chauhan RS. 2007. Epidergipland economics of
brucellosis in animals and its zoonotic significané&nimal health, animal
welfare and biosecurity. Proceeding of"liBternational Congress in Animal
Hygiene - Tartu, Estonia, 1: 466-468.

Koushik K, Amarjit K, Kalita MK, Nath M, Dewry RK2017. Detection oBrucella
organism in cross bred cattle based on serologagcal molecular assay.
International Journal of chemical Studies, 5(54-266.

Krishnamoorthy P, Patil SS, Shome R and RehmaB0d5. Seroepidemiology of
infectious bovine rhinotracheitis and brucellosisorganised dairy farms in
Southern India. Indian Journal of Animal Scienc&73. 695-700.

Kumar A, Gupta VK, Verma AK, Sahzad, V Kumar, Sin and Reddy NCP. 2016.
Seroprevalence and risk factors associated witimbdorucellosis in western
Uttar Pradesh, India. Indian Journal of Animaleace 86(2): 131-135.

Kumar VN, Bharathi MV, Porteen K. 2017. Risk fast@ssociated with Prevalence
of Bovine Brucellosis in milk from Tamil Nadu, IradiInternational Journal of
Current Microbiology and Applied Science, 6(7): 262609.

Vii



Bibliography

Kumar VN, Bharathi MV, Selvaraju G, Porteen K, Wgani K. 2018. Serum based
polymerase chain reaction and enzyme linked immonbesnt assay for
diagnosis of bovine brucellosis. Indian journalamimal research, (53): 661-
666.

Kushwaha et al. 2016. Comparison of serologicalstésr detection of brucella
antibodies in cattles of an organised dairy farindian Journal of Animal
Science, 50(1): 69-74.

Leal-Klevezas D S, Lopez-Merino A and Martinez-8oo J P. 1995. Molecular
detection of Brucella spp.:rapid identification Bf abortus biovar 1 using
PCR. Archives in Medical Research, 26:263-267.

Leal-Klevezas DS, Martinez VIO, Garcia CJ, Lopez MAartinez SJ. 2000. Use of
polymerase chain reaction to detdrtucella abortus biovar 1 in inferted

goats. Veterinary Microbiology, 75: 91-97.

Lindahl-Rajala E, Hoffman T, Fretin D, Godfroid Sattorov N, Boqvist S. 2017.
Detection and characterization Bfucella spp in bovine milk in small-scale
urban and peri-urban farming in Tajikistan. PL0S gNeTrop Dis
11(3):e0005367.

Lindberg AA, Haeggman S, Karlson K, Carlsson HE &hair NS. 1982. Enzyme
immunoassay of the antibody response8itacella andYersinia enterocolitica
O:9infections in humans. J. Hyg. (Lond.) 88, 295.

Lone IM, Baba MA, Shah M, Igbal A, Sakina A. 20Broprevalence of brucellosis
in sheep of organized and unorganized sector ohidasValley. Veterinary
World, 6:530-533.

Lulu AR, Araj G, Khateeb M, Mustafa M, Yusuf A, Fech F. 1988. Human
brucellosis in Kuwait: a prospective study of 4@8es. Q.J. Med. 66: 39-54.

Magee JT. 1980. An enzyme-labelled immunosorbesayagor Brucella abortus
antibodies. J. Med. Microbiol. 13: 167.

Manish K, Puran C, Rajesh C, Teena R and Sunil(&32Brucellosis: An updated
review of the disease. Indian Journal of Animake8ce 83(1):3-16.

viii



Bibliography

Manishimwe R, Ntaganda J, Habimana R, Nishimwe &KL52 Comparison between
Rose Bengal Plate test and Competitive Enzyme kdnkemunosorbent
Assay to Detect Bovine Brucellosis in Kigali citiRawanda. Journal of
Veterinary Science and Technology, 06(01).

McDermott JJ, Grace D, Zinsstag J. 2013. Econormoicdrucellosis impact and
control in low-income countries. Sci Tech Rev Of#DEpizoot, 32(1):249-
261.

McDonald WL, Jamaludin R, Mackereth G, Hansen Mmgtarey S, Short P. 2006.
Charecterization of a Brucella sp.strain as mammemmals type despite
isolation from a patient with spinal osteomylitis New Zealand. Journal of
Clinical Microbiology, 44:4363-4370.

Mehra KN, Dhanesar NS, Chaturvedi VK. 2000. Sem+plence of brucellosis in
bovines of Madhya Pradesh. Indian Vet. J. 77: 573.-5

Mitka S, Anetakis C, Souhou E, Diza E, Kansouziddu2007. Evaluation of
different PCR assay for early detection of acutd selapsing brucellosis in
humans in comparison with conventional method. [n.QMicrobiology,
45:1211-1218.

Moreno E and Moriyon I. 2001. Genus Brucella. Thekaryotes: An Evolving
Electronic Resource for the Microbiological comntyni(Ed.) Dworkin M.
Springer, New York.

Morgan WJ, Mackinnon DG. 1979. Brucellosis, In: tiigy and Infertility in
Domestic Animals, Laing, JA(Ed).3Edn, Bailliere Tindall, London, UK,
pp:171-198.

Mugizi DR, Muradrasoli S, Boqvist S, Erume J, Ngama GW, Waiswa C, et al.
2015. Isolation and molecular characterization afcblla isolates in cattle
milk in Uganda. Biomed Res Intl, article ID 720483ages.

Nasir AA, Parveez Z, Shah MA and Rashid M. 2004ofevalence of brucellosis in
animals at government and private livestock farmsPanjab. Pakistan
veterinary Journal, 24: 144-146.



Bibliography

Ndazigaruye G, Mushonga B, Kandiwa E, Samkange égwagwe BE. 2018.
Prevalence and risk factors for brucellosis seripdy in cattle in Nyagatare
District, Eastern province, Rwanda. Journal of 8uath African Veterinary
Association, ISSN: (Online) 2224-9435, (print) 164E28.

Nielsen KH and Wright PF. 1984. Application of Enay Immunoassay in Veterinary
Medicine: Serodiagnosis of Bovine Brucellosis. Nmopic immunoassay,
129-146.

Njila SO, Daouda E, Nya, Zoli PA, Walravens K, Gaoii J, Geerts S. 2005.
Serological survey of Bovine Brucellosis in CameroBevue Elev. Med. vet.
pays trop, 58(3): 139-143.

Noviello S. 2004. Laboratory —acquired brucello&merging Infectious Disease, 10:
1848-1850.

OIE. 2002. OIE Animal Health Code. Also availabtdime at www.oie.int

OIE. 2008. Bovine Brucellosis in Manual of DiagriosTests and Vaccines for
Terrestrial Animals. World Organization for Anim&lealth, Paris, France:
624-659.

OIE. 2009. OIE Terrestrial Manual: Bovine Bruceitod/ersion adopted by the world
Assembly of Delegates of the OIE in May 2009.

Orzil LDL, Preis IS, Almeida IGD, de Souza PG, BilfPMS, Jacinto FB, Junior
AAF. 2016. Validation of multiplex PCR for identfation of Brucella spp;
Ciencia Rural, Santa Maria, v.46, n.5, 847-852.

Pappas G, Papadimitriou P, Akritidis N, ChristouTsianos EV. 2006. The new

global map of human brucellosis. Lancet Infect Bis91-99.

Patel MD, Patel PR, Tyagi KK, Sorathiya LM. 2015o0vihe Brucellosis In
Reproductive Disorders Of Dairy Animals In Peri-drbAreas Of Gujarat.
The Indian Journal of Veterinary Science and Biotetogy, Vol. 11 no.2:
31-36.

Pathak AD, Dubal ZB, Karunakaran M, et al. 2016.pAmnt seroprevalence,
isolation and Identification of risk factors forumellosis among dairy cattle in

Goa, India. Comm. Imm. Microbial. Inf. Dis, 47:1-6.



Bibliography

PD-ADMAS. 2011. Animal Disease Monitoring and Sulteace report 1994-2002.
IAH and VB, Bangalore, India

Perrin P and Sureau P. 1987. A collaborative stfdgn experimental kit for rapid
rabies enzyme immunodiagnosis (RREID). Bull. WHO 430-893.

Pokorska J, Kulaj D, Dusza M, Buczek JZ, MakulskaQll6. New Rapid Method of
DNA Isolation from Milk Somatic Cells. Animal Biotinology, 27(2):113-
117.

Probert WS, Schrader KN, Khuong NY, Bystrom SL, @& MH. 2004. Real-time
multiplex PCR assay for detection dBrucella spp., B.abortus and
B.melitensis. Journal of Clinical Microbiology, 42: 1290-1293.

Queipo-Ortuno MI, Tena F, Colmenero, Morata P. 200®mparison of seven
commercial DNA extraction kit for the recovery®Brfucella DNA from spiked
human serum samples using real- time PCR. Eurlid. Kicrobiol. Infect.
Dis, 27:109-114.

Radostits OM, Gay CC, Blood DC, Hinchcliff KW. 2Q0¥eterinary Medicine:
Textbook of the Diseases of Cattle, Sheep, Pigatssand Horses. W.B.
Saunders Company Ltd"@dn. pp: 867-882.

Refai M. 2002. Incidence and control of brucellogns the Near East region.

Veterinary Microbiology, 90: 81-110.

Rekha BV, Subramanian A and Gowry Yale. 2013. Algton bovine brucellosis in

an organized dairy farms. Veterinary world , 6: @8b.

Renukaradhya GJ, Isloor S, Rajasekhar M. 2002. dapimlogy, zoonotic aspects,
vaccination and control/eradication of brucellosis India. Veterinary
Microbiology, 90: 183-195.

Rhyan JC, Nol P, Quance C, Gertonson A, Belfrag¢adris L, Straka K, Austerman
SR. 2013. Transmission of Brucellosis from Elk tatit® and Bison, Greater
Yellowstone Area, USA, 2002-2012. Emerging InfegtioDisease, 19(12):
1992-1995.

Romero C, Gamazo C, Pardo M and I. Lo’pezgon. 19aecific detection of
Brucella DNA by PCR. J. Clin. Microbiol, 33:615-617.

Xi



Bibliography

Sagamiko FD, Muma JB, Karimuribo ED, Mwanza AM, &ito C, Hang'ombe BM.
2018. Sero-prevalence of Bovine Brucellosis and@ated risk factors in
Mbeya region, Southern highland of Tanzania. Aatapica, 178:169-175.

Sahin M, Unver A, Otlu S. 2008. Isolation and bphg of B. melitensis from
aborted sheep foetuses in Turkey. Bulletin of atey Inst. Pulawy, 52:59-
62.

Sambrook J and Russel DW. 2001. Molecular clonfgiaboratory Manual, 8 Ed.
Cold Spring Harbor Laboratory Press, New York, USA5-547.

Sasa AA, Aguero-Balbin J, Garcia-Lobo JM. 2005. &epment of a new PCR assay
to identify Brucella abortus biovar 5,6 and 9 and the new subgroup 3b of
biovar 3. Vet microbiology, 110:41-51.

Sehgal S and Bhatia R. 1990. Zoonoses in Indi&€othmun. Dis, 22: 227-235.

Shome R, Padmashree BS, Krithiga N, Triveni K, $aBaPadma S, Rahman H.
2014. Bovine Brucellosis in Organized Farms of &dAn Assessment of
Dignostic Assay and Risk Factors. Advance in Aniraad Veterinary
Science, 2(10): 557-564.

Singh A, Agrawal R, Singh R, Singh DK, Pande N. @0Beroprevalence of

Brucellosis in small ruminants. Indian Veterinaouthal, 87:224-225

Singh A, Gupta VK, Kumar A, Singh VK, Shivasaranapp2014. Omp-31 gene
based molecular detection Bfucella melitensis from serum sample of goat.
Indian Journal of Animal Science, 84(3):251-253.

Singh BB, Dhank NK, Gill JPS. 2015. Economic lossesurring due to brucellosis

in Indian livestock population. Preventive Veteryn&edicine, 119:211-215.

Smits HL and Kadri SM. 2004. Brucellosis in Indf:deceptive infectious disease.
The Indian Journal of Medical Research, 122 (5%-384.

Sunder A, Sinha DK, Singh DK. 2015. Comparativedgton Seroprevalence of
Bovine Brucellosis by Serological Tests and Seruased PCR. Journal of
Veterinary Public Health, 13(1): 9-13.

Xii



Bibliography

Tanmay J Patel. 2007. Serological, cultural andeewbar detection of brucella
infection in bovine including quantification in rkiby Real Time PCR. MVSc

thesis submitted to the Anand Agricultural UniversAnand (Gujarat), India.

Tasaime W, Emikpe B, Folitse R, et al. 2016. Thevalence of brucellosis in cattle
and their handlers in North Tongu District, Voltaedion, Ghana. African
Journal of Infectious Disease, 10(2):111-127.

Thoppil ST. 2000. Serodiagnosis of brucellosisigs@nd man and differentiation of
cross reaction due fteersinia enterocolitica O:9. Master of veterinary science

thesis submitted to the University of AgricultuBdience, Bangalore, India.

Thrushfield M. 2008. Veterinary Epidemiology'{3edition, Blackwell Publishing
Ltd, UK.

Tolosa T, Ragasa F, Belihu K and Tizazu G. 2008o0[8evalence of bovine
brucellosis in extensive management system in &elesite of Jimmazone,
South western Ethiopia. Bulletin of Animal HealtthiBpia and Production in
Africa, 56:25-37.

Trangadia BJ, Toft N, Nagamani K, Rana SK, Srirewa¥A. 2015. Evaluation of
ELISA kits for brucellosis in naturally infecteddian cattle population by

latent class analysis. Indian Journal of Animak8ce 85 (1):27-31.

Trujillo 1Z, Zavala AN, Cacres JG, Miranda CQ. 19®tucellosis. Infectious disease
clinics of North America 8: 225-241.

Ul Islam MR, Filia G, Gupta MP. 2018. Seroprevaker Brucellosis in Buffaloes
by Indirect Enzyme Linked Immuno-sorbent Assay imnjab, India.

International Journal of Livestock Research, 8@63:250.

Vhoko K, Lannetti S, Burumu J, Lppoliti C, Bhebhe Massis FD. 2018. Estimating
the prevalence of Brucellosis in cattle in Zimbaldveen samples submitted to
the Central Veterinary laboratory between 2010204. Veterinaria Italiana,
54(1): 21-27.

Waktole H, Geneti E, Ahmed WM, Mammo G, Abunna 612 Seroprevalence and
Associated Risk Factors of Bovine Brucellosis ideSed Dairy Farms in
Bishoftu Town, Oromia, Ethiopia. International Joalr of Microbiological
Research, 9(2):45-53.

xiii



Bibliography

Wanke MM. 2004. Canine brucellosis. Animal Reprddurc Science. (82/83): 195—
207

Wattam AR, Williams KP, Snyder EE, et al. 2009. A& of tenBrucella genome
reveals evidence for horizontal gene transfer despipreferred intracellular
lifestyle. J. Bacteriol, 191:3569-3579.

Weynants V, Tibor A, Denoel PA, Saegerman C, Gadfdp Thiange P and Letesson
JJ. 1996. Infection of cattle with Yersiniaenterttecza O: 9 a cause of the
false positive serological reactions in bovine letlosis diagnostic tests. Vet.
Microbiol. 48: 101-112.

World health organization. 1997. Brucellosis, Falbeet No. 173, WHO, Geneva,
Switzerland.

Zahidi JM, Yong TB, Hashim R, Noor AM, Hamzah SHdaAhmad N. 2015.
Identification of Brucella spp. Isolated from human brucellosis in Malaysia
using high-resolution melt (HRM) analysis; DiagnosMicrobiology and
Infectious Disease 81: 227-233.

Zamanian M, Tabar GRH, Rad M, Haghparast A. 201aldation of Different
Primers for detection dBrucella in Humans and Animal Serum Samples by
using PCR method. Arch Iran Med, 18(1): 44-50.

Xiv



Annexure -|

Department of Veterinary Epidemiology and Preventive Medicine,
College of Veterinary Science and Animal Husbandry
U. P. Pt. Deen Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan
Sansthan, Mathura-281001

Proforma for collection of specimens

Location (farms/gaushala/others): ........cmmceeninecccencnmssssncsensnenssossmssesons

Animal (cattle/buffalo): ..........ccoucrvernierermcrenseasmsreneccnnens

Breed (indigenous /exotic/cross breed) : .....cceeeeemeceeercennseccnseenssiens

Breed: «q.cimimnisasmssasimise i wimsisirais smaisis i

V- SR

Sex(male/female)

Mating (natural/A.L):... —

SCASON Meeeereeecerveerirasenrannscesensnssssscssmsersonss

Healthstatus(vaccinated/NonNVacCiNAted)..... v e veeeerimenerenrusonssccsssacsscssms secsensrssess

Date of collection:

Samples Collected:

i I 7o T 7 LB T

2. Other (if any):

Rearing type(organised/unorganised): ........ccccceeueverrernunres

Calving Status: ....cueeicesecnnaaae
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