Chapter - 1:   Introduction
Brucellosis is an emerging zoonotic and an economically important infectious disease of livestock with worldwide distribution (Corbel, 1997). Brucella melitensis is the main etiological agent of brucellosis in small ruminants and it can be responsible for bovine brucellosis in some areas (Refai, 2002). It is the most important and pathogenic Brucella sp. for humans causing clinically apparent human brucellosis. B. melitensis has 3 biovars (1–3), highly pathogenic for humans (Pappas et al., 2005). Brucellosis is present throughout the five continents and it is still an uncontrolled serious public health problem in many developing countries (Benkirane, 2006). It is endemic in sheep and goats in most countries of the Mediterranean basin, the Middle East, Central Asia (Omer et al., 2004), with only North America, North Europe, South-East Asia, and Oceania being spared. Animal brucellosis poses a barrier to trade of animals and animal products between countries and causes considerable economic losses due to abortion and fertility problems to the sheep and goat industry (Aldomy et al., 2009). The disease is usually transmitted by direct contact of the contaminated fetal tissues or consumption of contaminated unpasteurized milk or milk products. 

In Bangladesh, approximately 80 percent of people live in villages, and rural income is largely dependent on livestock; the people are in close contact with livestock on a daily basis. There is little information available about the prevalence of brucellosis in human beings and animals in the country (Rahman et al., 1983; Mustafa, 1984). Clinically, the disease is characterized by one or more of the following signs: abortion, retained placenta, orchitis, epididymitis and, rarely, arthritis, with excretion of the organisms in uterine discharges and in milk (OIE, 2009). Brucellosis in human beings is usually characterized by influenza – like clinical disease, which may be severe and may be followed by chronic intermittent relapses (Hugh – Jones, 2000). The clinical disease caused by Brucella melitensis is more severe compared to that caused by Brucella abortus and Brucella suis in human. The genus Brucella has six recognized species on the basis of host specificity but the greatest economic impact results from Brucella abortus. The prevalence of brucellosis in goat in Bangladesh is not negligible, and it is therefore worth considering the adoption of preventive measures. 
Serological test, culture and Polymerase chain reaction (PCR) are the most common techniques that are used for brucellosis diagnosis (OIE, 2009a). Modern genetic characterizations of Brucellae using molecular DNA technology have been developed. Several PCR – based assays have been proposed, from the rapid recognition of genus to differential identification of species and strains (Poester et al., 2010). Dehkordi et al., (2012) detected and segregated the Brucella abortus and Brucella melitensis in aborted bovine, ovine, caprine, buffaloes and camelid fetuses by application of Conventional and Real – time PCR. 
The importance of brucellosis is not known precisely, but it can have a considerable impact on both human and animal health, as well as having socioeconomic effects, especially in areas where rural income relies largely on livestock breeding and dairy products. In animals, brucellosis mainly affects reproduction and fertility, reduces the survival of newborns and reduces milk yield (Roth et al., 2003). 

The main reasons for producing goats are their high prolificacy. But this disease (Brucellosis) causes abortion to the does which impedes farmer to produce kids hence farmer suffers irrecoverable economic loss.

The present study is designed with the following objective:
1. To study the prevalence of abortion in goat.
2. To isolate and identify of Brucella melitensis at molecular level by Polymerase Chain Reaction (PCR).
3. To evaluate the risk practices associated with B. melitensis from aborted fetus of goat in Chittagong.
Chapter-2: Review of literature
Present literatures on isolation and identification of Brucella melitensis from aborted fetus of goat are reviewed in this chapter. The main purpose of this chapter is to provide up-to-date information concerning the research work which is addressed here. Important information related to the present study is presented below under the following headings and sub-headings.

Brucellosis in goats is a zoonotic infection with important effects on both public and animal health and is widespread in many areas of the world, particularly in some Mediterranean and Middle Eastern countries (Aras and Ates, 2011).
Brucella melitensis is endemic in the Mediterranean region, but infection is widespread world-wide (Schlafer et al., 2011). Brucellosis in human is mainly caused by Brucella abortus and B. melitensis biotype-1 which the later one is more prevalent and virulent than B. abortus (Jama,ayah et al., 2011). It is now endemic throughout the country (Zowghi and Ebadi, 1982).
2.1  Etiology of Brucellosis

Brucella melitensis is the main etiological agent of brucellosis in sheep and goats (Affi et al., 2011), and is also the main agent responsible for human brucellosis, a predominantly occupational disease related to professions in direct contact with livestock (Blasco and Molina-Flores, 2011).

2.2. Cell wall of Brucella melitensis
Brucella Lipopolysaccharides (LPS) is less endotoxic compared to enteric gram-negative bacteria, due to the presence of the unique components O-Polysaccharides (OPS) and Lipid A (Jarvis et al., 2002; Cardosa et al., 2006). The Brucella cell wall consists of a peptidoglycan layer which is strongly associated with the outer membrane (Abdullah et al., 2013). The outer membrane contains lipopolysaccharides, proteins and phospholipids (Galdiero et al., 1995). B. melitensis, B. abortus, B. Suis and B. Neotomae have smooth structure of LPS. The specific O-chain saccharides of the LPS structure determine the M (melitensis) type, or A (abortus) type antigenicity. Brucella antigenic characteristic of Brucella melitensis depends on LPS (Joicy et al., 2012).
2.3. Epidemiology and clinical aspects

B. melitensis infection appears to occur naturally in the Mediterranean region, but infection is widespread world-wide. Canada and the USA are free of this disease, as are Northern Europe, Southeast Asia, Australia and NewZealand (Blasco, 2010). B. melitensis infection of small ruminants is quite similar in both pathological and epidemiological standpoints to B. abortus infection of cattle.
The main clinical manifestations of brucellosis in ruminants are reproductive failure (i.e. abortion and birth of offspring that do not thrive), orchitis and epididymitis. Arthritis is an infrequent sign. B. melitensis biovars 1 and 3 appear to be the most frequently isolated strains in small ruminants in Mediterranean and Middle-East countries. Forelimb lameness also occur (Ural et al., 2013). There is no evidence according the different biovars isolated that either the epidemiological or clinical features of infections in ruminants can be variable. Only when the animals excrete the bacterium do they become dangerous to other animals and human beings. In most circumstances, the primary (and more relevant from the epidemiological standpoint) excretion route of B. melitensis is the placenta, foetal fluids and vaginal discharges expelled by infected animals after abortion or full-term parturition. Shedding of B. melitensis is also common in udder secretions and semen. Brucella may be isolated from various tissues, such as lymph nodes from the head and those associated with reproduction, and from arthritic lesions (Alton, 1990). As happens in B. abortus infection of cattle, B. melitensis can be transmitted congenitally in sheep and goats. 
However, only a small proportion of lambs and kids are infected in utero, and the majority of B. melitensis latent infections are probably acquired through colostrums or milk (Grillo et al., 1997). It is also probable that a self-cure mechanism similar to that suggested in cattle takes effect in most perinatally infected lambs (Grillo et al., 1997). Despite the low frequency of transmission, the existence of such latent infections increases the difficulty of eradicating this disease, as the bacteria persist in the animal without inducing detectable immune responses. The exact mechanism of the development of B. melitensis latent infections remains unknown (Grillo et al., 1997).

In many parts of the world, small ruminants and cattle (and frequently also camels, yaks and buffaloes) are reared together. In these production systems the existence of cross-infections is very frequent with B. melitensis being the most common cause of infection when the above animal species are reared together (Blasco, 2010).
2.4. Geographic Distribution 
Brucellosis is found worldwide but it is well controlled in most developed countries (Corbel, 1997). Clinical disease is still common in the Middle East, Asia, Africa, South and Central America, the Mediterranean Basin and the Caribbean. Brucella species vary in their geographic distribution. B. abortus is found worldwide in cattle-raising regions except in Japan, Canada, some European countries, Australia, New Zealand and Israel, where it has been eradicated (Corbel, 1997). Eradication from domesticated herds is nearly complete in the U.S. B. abortus persists in wildlife hosts in some regions, including the Greater Yellowstone Area of North America. B. melitensis is particularly common in the Mediterranean. It also occurs in the Middle East and Central Asia, around the Arabian Gulf and in some countries of Central America. This organism has been reported from Africa and India, but it does not seem to be endemic in northern Europe, North America (except Mexico), Southeast Asia, Australia or New Zealand (Amato, 1995). B. ovis probably occurs in most sheep-raising regions of the world. It has been reported from Australia, New Zealand, North and South America, South Africa and many countries in Europe (Ashenafi et al., 2007). 

2.5. Transmission of Brucellosis
B. abortus, B. melitensis, B. suis and B. canis are usually transmitted between animals by contact with the placenta, fetus, fetal fluids and vaginal discharges from an infected animal. Animals are infectious after either an abortion or full term parturition. Although ruminants are usually asymptomatic after their first abortion, they can become chronic carriers, and continue to shed Brucella in milk and uterine discharges during subsequent pregnancies. Dogs may also shed B. canis in later pregnancies, with or without symptoms. Entry into the body occurs by ingestion and through the mucous membranes, broken skin and possibly intact skin (De Massis et al., 2005). 

Most or all Brucella species are also found in semen. Males can shed these organisms for long periods or lifelong. The importance of venereal transmission varies with the species. It is the primary route of transmission for B. ovis. B. suis and B. canis are also spread frequently by this route (Roth et al., 2003; Franco et al., 2007). B. abortus and B. melitensis can be found in semen, but venereal transmission of these organisms is uncommon. Some Brucella species have also been detected in other secretions and excretions including urine, feces, hygroma fluids, saliva, and nasal and ocular secretions (Cordes and Carter, 1979; Redkar et al., 2001). In most cases, these sources seem to be relatively unimportant in transmission; however, some could help account for direct non-venereal transmission of B. ovis between rams. 

Brucella can be transmitted to human from infected animals, especially consumption of contaminated milk or milk products more less contact with their carcasses (Renukaradhya et al., 2002). Human infections are often due to B. melitensis, with only a few instances of B. abortus infection (Manthur et al., 1994). B. melitensis is considered a major risk to human health due to the high virulence of the agent to man and traditional consumption of raw milk and milk products (Redkar et al., 2001). Human brucellosis, especially resulting from B. melitensis is an important public health problem in rural areas and also it has been reported that B. melitensis is frequently observed in goats (Wallach et al., 1998).
2.6. Disinfection 
Brucella species are readily killed by most commonly available disinfectants including hypochlorite solutions, 70% ethanol, isopropanol, iodophores, phenolic disinfectants, formaldehyde, glutaraldehyde and xylene; however, organic matter and low temperatures decrease the efficacy of disinfectants. Disinfectants reported to destroy Brucella on contaminated surfaces include 2.5% sodium hypochlorite, 2-3% caustic soda, 20% freshly slaked lime suspension, or 2% formaldehyde solution (all tested for one hour). Ethanol, isopropanol, iodophores, substituted phenols or diluted hypochlorite solutions can be used on contaminated skin (Radostits et al., 2000). Alkyl quaternary ammonium compounds are not recommended for this purpose. Autoclaving (moist heat of 121°C for at least 15 minutes) can be used to destroy Brucella species on contaminated equipment. These organisms can also be inactivated by dry heat (160-170°C for at least 1 hour). Boiling for 10 minutes is usually effective for liquids. Xylene (1ml/liter) and calcium cyanamide (20 kg/m3) are reported to decontaminate liquid manure after 2 to 4 weeks. Brucella species can also be inactivated by gamma irradiation (e.g. in colostrums) and pasteurization. Their persistence in unpasteurized cheese is influenced by the type of fermentation and ripening time. The fermentation time necessary to ensure safety in ripened, fermented cheeses in unknown, but is estimated to be approximately three months. Brucella is reported to persist for weeks in ice cream and months in butter. This organism survives for very short periods in meat, unless it is frozen; in frozen meat, survival times of years have been reported (Radostits et al., 2000).  

2.7. Clinical findings
Clinically, the disease is characterized by one or more of the following signs: abortion, retained placenta, orchitis, epididymitis and, rarely, arthritis, with excretion of the organisms in uterine discharges and in milk. Diagnosis depends on the isolation of Brucella from abortion material, udder secretions or from tissues removed at post-mortem. Presumptive diagnosis of Brucella infection can be made by assessing specific cell-mediated or serological responses to Brucella antigens (OIE, 2009).
Brucella melitensis is highly pathogenic for humans, causing Malta fever, one of the most serious zoonoses in the world. All infected tissues, cultures and potentially contaminated materials should therefore be handled at containment level 3 (OIE, 2009).
2.8. Communicability 
Brucellosis is a communicable disease in animals (Crawford et al., 1990). Large numbers of bacteria are found in aborted fetuses, fetal fluids and membranes, as well as vaginal discharges and milk. Other secretions and excretions including semen, urine and hygroma fluids can also contain organisms (Acha and Szyfres, 2003). Bacteria have been reported in the feces of some animals including a harbor seal. Infectious bacteria are also found in the bursa of horses with poll evil or fistulous withers. Some animals can shed Brucella long-term or lifelong.
2.9. Brucellosis in sheep and goats
Brucellosis, in sheep and goats is a worldwide zoonosis reported in most parts of the world. Northern Europe is free of infection, except for periodic incursions from the south.

Free grazing and frequent mixing of flocks of sheep and goats are the main mode and source of brucellosis in sheep (Samadi et al., 2010) and man. In goat, it causes abortion, stillbirths and reproduction failure. Abortion usually occurs in the fourth or fifth month of gestation. Clinical mastitis is common with other symptoms of unthriftiness, bronchitis with hacking cough, lameness, pyrexia and hygroma and orchitis in males. In this disease, necrotic placentitis with abscesses in the spleen and costochondral cartilage may occur. The disease also has great significance because of its transmission to animal owners and consumers through direct contact and consumption of contaminated milk (Smits and Kadri, 2005).

The infection in small ruminants is wide spread in India (Isloor et al., 1998; Mrunalini et al., 2000; Gupta et al., 2003; Ramani and Punya, 2005; Maher and Venkataraman, 2007 and Shome et al., 2007). Brucella. melitensis is a dominant causative agent of brucellosis in sheep and goats in many countries .
Polding (1942) first reported the isolation of B. melitensis in goats. Subsequently B. abortus was also isolated from sheep and goats (Nilakanthan and Pande, 1948; Smits and Kadri, 2005).

Three biotypes exist in B. melitensis. Among them B. melitensis biotype 1 is the most common type, worldwide but biotype 2 predominates in Italy. In India, B. melitensis biotype 1 was isolated in the states of Karnataka, Andhra Pradesh, Maharasthra and Gujarat, and B. melitensis biotypes1 and 3 in Haryana (Sen and Sharma, 1975 and Hemashettar et al., 1987).
Brucellosis in sheep is transmitted readily by ingestion and spreads from diseased animals via aborted foetuses, milk and vaginal discharges. It is characterized by abortion, stillbirth and reproductive failure. After analyzing 50 isolates from goats and 38 from sheep, Mathur (1985) opioned that though both B. melitensis and B. abortus are common in sheep and goat, greater percentage of sheep and goats in India have B. abortus infection than in other countries. Abortion in goats due to B. suis infection has also been reported (Bhaskar Rao et al., 1998).
2.10. Risk factor associated with abortion due to brucellosis
2.10.1. History of Previous abortion
The prevalence of brucellosis was much higher (33.33%) in Black Bengal goat with the history of previous abortion than other reproductive disorders. Statistically, there was a significant (p<0.01) effect of reproductive disorders on the sero-prevalence of brucellosis in Black Bengal goats (Rahman et al., 2012). In another study Rahman et al. (2011) who reported 66.67% with previous history of abortion was occured. Prevalence rate is reported in 41.9% in goat in Jordan with previous history of abortion (Samadi et al., 2010). Similar result was observed by Sandhu et al., (2001) and Rahman et al., (2006). 
2.10.2. Flooring system

Rahman et al., 2012 reported that there was no positive reactor to brucellosis among seven Black Bengal goats kept in brick floor. More positive cases were found in Black Bengal goats kept in macha system floor (10.0%) than in goats kept in kacha floor.
2.10.3. Rearing condition

Goats reared under farming condition had lower (4.24%) prevalence of brucellosis than those of reared under rural condition (7.69%) but not statistically significant (Islam et al., 2010).
2.10.4. Seasons

Generally, brucellosis can be found in any season of a year (Gul and Khan, 2007) and is closely related to the months associated with delivery and abortion in animals (Shang et al., 2002).

2.11. Prevalence of brucellosis in sheep and goats

Brucella melitensis in sheep and goats remains prevalent world-wide including India. The prevalence is recorded in India (Isloor et al., 1998). Kumar et al., (1997), in their study, also reported the prevalence of 10 per cent and 30 per cent in goats in Punjab and Rajasthan, respectively. The varying percentages of prevalence have been recorded in different states viz., 50 per cent of goats in Andhra Pradesh (Mrunalini et al., 2000), 24 per cent of goats, 4.7 per cent of sheep in Uttar Pradesh (Singh et al., 2000) and 25 per cent of goats in Tamil Nadu (Maher and Venkataraman, 2007). In contrast, Ramani and Punya (2005) reported only six per cent prevalence in sheep in Andhra Pradesh. 
2.11.1. Bangladesh perspective
The overall serological prevalence was 2.87% in buffaloes, 2.66% in cattle, 3.15% in goats, and 2.31% in sheep found in five different districts viz. Bagerhat, Bogra, Gaibangha, Mymensingh and Sirajgonj of Bangladesh. The prevalence was relatively higher in females than that in males in cattle, goats and sheep but, an insignificantly higher prevalence was observed in males than that in females in the case of buffalo (Rahman et al., 2011). 
A cross-sectional study was undertaken to determine the seroprevalence of brucellosis in Black Bengal goats in Nilphamari Sadar and Kishoreganj upazillas of Nilphamari district of Bangladesh using Rose Bengal Test (RBT) as screening test and I-ELISA as confirmatory test. A total of 154 sera samples from Black Bengal goats were collected from Nilphamari district. The overall seroprevalence of brucellosis was found to be 2.59% in Black Bengal goats. An insignificant (p>0.05) but higher prevalence of brucellosis was found in adult Black Bengal goats (>24 months) than young. The prevalence was relatively higher in cross-bred than pure Black Bengal goats, in female than male and in pregnant than non-pregnant Black Bengal goats (Rahman et al., 2012).
2.12. Human brucellosis

Brucellosis is a worldwide zoonotic disease causing severe human infection (Corbel, 1997). Bruce first isolated B.melitensis from military personnel in Malta in 1887. Since then, brucellosis has become an emerging and re-emerging disease in many parts of the World. It is more prevalent in Mediterranean basin and Arabic peninsula, India, Mexico and South and Central America (Mantur et al., 2006).

Brucella melitensis is more prevalent as well as most virulent and causes the severe and acute cases of brucellosis. Brucella abortus is associated with mild to moderate sporadic disease that is rarely associated with complications. Human infection can occur as an occupational hazard through aerosol exposure of abattoir workers, veterinarians and laboratory technicians. In addition, consumption of infected raw milk, raw milk products and raw meat can result in infection. Other means of infection are skin abrasions and inhalation of airborne animal manure particles (Mantur et al., 2006).

Low backache is one of the pathognomonic symptoms of human brucellosis.

However, it is a multi system disease that may be presented with a broad spectrum of clinical manifestations which include undulant fever, weakness, severe sweating, chills and rigors, arthritis, myalgia, cough, headache, allergic reactions on hands, epidydimoorchitis, cervical spondylitis, CNS symptoms, liver enlargement and endocarditis (Mrunalini et al., 2004;  Mantur et al., 2006).
2.13. Diagnosis of Brucellosis

Polding (1942) first reported the isolation of B. melitensis in goats. B. melitensis is the major cause of abortion in sheep and goats in many countries (Guler et al., 2003). Therefore, it is difficult to diagnose Brucella species, classical detection methods such as serological, cultural and biochemical tests (Bricker, 2002). However, these methods are not wholly satisfactory. Bacteriological isolation is time consuming procedure, and handling the microorganism is hazardous. Serological methods are not conclusive, because not all infected animals produce significant levels of antibodies and because cross-reaction with other bacteria can give false negative results (Gupta et al., 2006). Recently, detection studies based on PCR have become widespread (Gupta et al., 2006). PCR is mostly preferred due to its sensitivity and rapidity (Bricker, 2002; Gupta et al., 2006; Baily et al., 1997).

PCR was used in the diagnosis of brucellosis and demonstrated it as an extremely specific, sensitive and easy and could become a usual diagnostic test for brucellosis. Because then many studies described the PCR process for finding of the Brucellae in human and animals from special specimens (Najum, 2014).

2.13.1. Isolation

Isolation and characterization of causative agent is reliable and definite method for diagnosis of brucellosis in livestock & human beings. This method is considered as a gold standard for ever. The causative agent Micrococcus melitensis, later renamed as B. melitensis was first isolated by Sir David Bruce in Malta in 1887 from spleen tissue of human patient, who later on died as a result of ‘Undulant fever’ (Alton et al., 1975).
In 1895, Bang isolated brucellosis causing agent in cattle called Bacillus abortus later it was referred as Brucella abortus. Brucella suis was isolated from an aborted pig fetus in 1914 in United States. Further, B.ovis in sheep, B.canis in canines, B. neotomae in rodents, and B. maris in marine mammals were identified (Nicoletti, 2002). In a four day old culture, colonies of Brucella appeared smooth and pale honey coloured when viewed through a transparent medium, 1-2 mm in diameter, translucent and round, with smooth margins. The colonies are convex and pearly white when seen from above. In the rough form, the colonies are described to be much less transparent and have a more granular, dull, matte white to brown surface. In nature, B. abortus, B. melitensis, B. suis and B. neotomae usually occurs in smooth form whereas B. ovis and B. canis are found in rough form. Identification up to the genus level is done by biochemical tests and slide agglutination test (OIE, 2004).
Shaw was the first to report the isolation of B. melitensis from cattle in Malta.

Since then there have been several reports of isolation of B. melitensis from cattle from several parts of the world (Verger et al., 1985).
Animal tissues from which brucellae can most often be isolated are those of the reticulo endothelial system, the pregnant or post parturient uterus and the udder (Alton et al., 1975). Brucella organisms grow very well preferably in selective media like Serum Dextrose Agar, Tryptose Agar, and Brain Heart Infusion Agar with supplements (Cycloheximide, Bacitracin, Polymyxin B and Nystatin). Castaneda’s biphasic medium was recommended for blood culture as it avoids the necessity for making repeated subcultures from liquid on to solid medium (Alton et al., 1975; Mantur et al., 2006).

They recommended incubation at 37˚C with and without CO2 with daily observation up to 30 days as some of the species required CO2 for their growth Brucella melitensis biovars 2 and 3 in sheep and B. abortus biovar 9 in cattle were isolated from sero-positive animals in Syria (Darwesh and Benkirane, 2001).
Isolation of Brucella organisms from milk of infected livestock was attempted (Hamdy and Amin, 2002). They were successful in isolating Brucella organisms from 24 of 52 cows, 12 of 21 ewes, 10 of 18 goats and failed to detect any Brucella organisms from camel milk.
Leyla et al., 2003 bacteriologically examined 126 aborted foetal samples each from different flocks and locations in Turkey. Brucella strains were isolated from 39 samples and all the strains were identified as B. melitensis by biochemical characteristics and agglutination with mono specific A and M sera. Thirty-seven of 39 B. melitensis isolates were biotyped as biotype 3 and two isolates as biotype 1.

Nimri (2003) was successful in recovering Brucella organisms in blood cultures from 20 of the 165 patients, who were serologically positive but didn’t receive any antibiotic treatment at the time of specimen collection. Isolates were identified as B. melitensis by bacteriological methods.
Ciftci et al., 2005 reported the isolation of B. melitensis in blood cultures from 35 of 77 patients who were suspected to have brucellosis.
Brucella organism can be recovered preferably from aborted materials (foetal membranes and stomach content, lung etc., from aborted fetus), vaginal swabs taken following abortion or parturition, and creamy milk. Though, blood is a suitable clinical material in human beings, synovial fluid, CSF (Cerebral Spinal Fluid), bone marrow, testicular fluid, semen, hydrocele fluid and ascetic fluid can also be considered for isolation of Brucella organisms (Alton et al., 1975; Ferris et al., 1995; Garin et al., 1998; Mantur et al., 2006).
Ilhan et al., (2008a) compared the suitability of blood and lymphoid tissue samples for isolation B. melitensis. The samples were collected from slaughtered sheep testing either positive or negative for brucellosis by serological tests. Out of 162 animals, B. melitensis was isolated from two and 28 of the blood and lymphoid tissue samples respectively. They preferred lymphoid tissue than blood for isolation of B. melitensis.

However, in another study, they reported that the stomach contents of aborted sheep foetuses were also best clinical material for isolation of B. melitensis.
In Greece, Stella et al., (2007) found positive blood culture in 148 of 200 Brucella suspected human patients. All the 148 strains isolated were identified as Brucella organisms. Of these strains, eight were B. melitensis biovar 1, 72 were B. melitensis biovar 2 and 58 were typed as B. melitensis biovar 3.
Buyukcangaz et al., 2009 reported that Brucella melitensis were isolated from 33.8% of 65 aborted fetuses, 21 of 55 sheep and 1 of 10 goat aborted fetuses in Turkey. The agent was isolated in both the abomasum content and internal organ homogenates in all cases. The colony morphology of all 22 isolates was smooth and all were negative in the agglutination test with acriflavine and positive to oxidase and Urease.
2.13.2. Brucella species identification by PCR

Brucella species-specific identification is very much relevant for brucellae eradication programs and epidemiological trace back to its source of infection. The assay development required substantial sequence information of Brucella species. Bricker and Halling (1994) developed PCR that can identify and differentiate B. abortus biovars 1, 2 and 4, B. melitensis, B. ovis and B. suis biovar 1 isolates maintained at ATCC and NADC. It is based on the observation that the genetic element IS711 occurs at several species-specific chromosomal loci. The assay consisted of one common primer anchored in the IS element and a species specific primer that binds to the unique sequence flanking that insertion site. Brucella species identification was determined by the size of the product amplified from primers hydrolyzing at various distance from the IS element. This assay was modified to identify strain-specific primer for the two commonly used vaccine strains-S19 and RB51 (Bricker and Halling, 1995).

This assay has been employed by several other laboratories with great success (Adone et al., 2001).
Leyla et al., 2003 reported that PCR was able to detect B. melitensis in stomach contents of aborted foetus from sheep flock. In their study, out of 126 aborted foetus examined, 39 and 38 were positive respectively by culturing and PCR for B. melitensis. They opined that, PCR procedure could be a potential tool for routine diagnosis of sheep brucellosis.

Similarly, B.melitensis was isolated from two and 28 of 162 of blood and lymphoid tissues respectively obtained from slaughtered sheep. Out of 162 blood and lymphoid tissues, PCR product of 731bp of B. melitensis was obtained from 45 of blood and 47 of lymphoid tissues samples (Ilhan et al., 2008a). They emphasized the importance of PCR for the detection of animals suffering from brucellosis. They also reported that stomach contents from aborted fetus of sheep were found to be suitable material for detection of B. melitensis.

Gupta et al., 2006 reported that A PCR assay from milk of goat, with primers derived from the omp31 gene sequence of the Brucella melitensis was developed. This PCR resulted in the amplification of a 720 bp PCR product. Out of 54 milk samples collected from goats having history of abortions tested, only 32 (59%) samples could be detected by serology. However, 48 (88.8%) samples were found positive in PCR The specificity and high sensitivity of the PCR assay may provide a valuable tool for the diagnosis of brucellosis in goats.
Moshkelani et al., 2011 reported that DNA was obtained directly from the abomasal contents of aborted fetuses of goats in Iran and PCR was performed by primers derived from the omp 31 gene sequences of the Brucella melitensis. Out of all samples 16.4% gave positive by this molecular method.
Samadi et al., 2010 reported that Prevalence of Brucella melitensis of 17.5% (33/188) in aborted Jordanian goat samples using PCR- RFLP method.

In Turkey, aborted sheep fetuses were collected during the lambing seasons of 2004 to 2006. Brucella melitensis was isolated from 25 (29.78%) of 84 lungs and stomach content (Sahin et al., 2008).
Khaled et al., 2014 reported that the sensitivity of the PCR assay using blood samples for patients and using blood samples for animals was far superior 10 (5.61%) were found positive and gave (731bp) Brucella abortus, whereas 3 (1.68%) were found positive and gave (498bp) Brucella melitensis for patients and 3 (20%) were found positive for cows and gave (731bp) Brucella melitensis and 6 (40%) were found positive for buffalos and gave (498bp) Brucella abortus for animals. This very good sensitivity, confirm that the PCR assay could be a useful tool for the diagnosis of human and animal brucellosis as other investigators showed by using whole blood (Morata et al., 2003) serum sample.
Derakhshande et al., 2013 reported that A total of 42 isolates of B. melitensis was isolated from aborted fetuses of sheep and goats between 2005-2011 in Fars province of Iran. PCR assay was performed in order to detect the virB, bvfA, and ure genes using specific primers.
2.14. Control measures
Control measures are based on strict hygiene and vaccination programs. Vaccination is regarded as a measure for reducing the prevalence of the disease to a level where eradication by test and slaughter can be implemented. Of the vaccines used for immunizing small ruminants against B. melitensis, Rev-1 vaccine is generally preferred (OIE, 2004; Samadi et al., 2010). The Rev-1 vaccine is indicated to protect small ruminants against brucellosis and to protect females from abortion in regions where the disease occurs. Conjunctival vaccination is safer than subcutaneous vaccination but is not safe enough to be applied regardless of pregnancy status of animals (Blasco, 1997) and the duration of immunity conferred by this method of vaccination is the subject of controversy.
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                   Figure 1: Map showing countries that eradicated Brucellosis
Chapter- 3: Methodology
3.1. Area and Study Population
The study was conducted on backyard goat farming at Chittagong region (especially at Chittagong Metropolitan City area) which is the south-east part of Bangladesh and geographically surrounded by the Bay of Bengal at west and south, Chittagong Hill Tracts at east and plane land at north and center part (Figure- 02). The type of animals kept under backyard goat farming system included Black Bengal, cross and Jamunapari goat breeds. The study work was conducted at the Department of Medicine and Surgery; and Reference Laboratory under Animal Disease Diagnostic Laboratory of PRTC, Chittagong Veterinary and Animal Sciences University, Khulshi for a period of one year.
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Figure 2: Area of the study population
3.2. Study design and animal selection

The study was conducted from September, 2013 to October, 2014. The animals were selected from SAQTVH which brought into from different areas and some selected from backyard farming nearby SAQTVH areas. At first the total female goats’ animal data were recorded through preset questionnaire survey and from them the numbers of data of pregnant does were recorded. The aborted foetal samples were being collected, from selected pregnant does. The study design is schematically shown in the Figure. 03
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Figure 3: Schematic representation of the experimental design
Legend- Here ‘BCS’ indicate Body Condition Score
3.3. Questionnaire design and data collection

Information about each herd and the animals kept was collected by means of a structured questionnaire. The questionnaire was designed to comprise mostly closed ended (categorical) questions to ease data processing, minimize variation, and improve precision of responses (Thrusfield, 2005). The questionnaire was filled up by repeated questioning to the farmers. Important herd and animal level data includes goat location, total number of animal (goat, sheep, cattle and dog), breed, age (determined from birth records and dentition characteristics as described by Pace and Wakeman, 1983), Body Condition Score (as described by Wildman et al, 1982), types of feed supplied, source of forages (home established, road side, or bought-in hay), housing pattern, type of floor in the animal house (concrete, dirt), system of grazing, contact with other animals and place (between farms, during grazing), history of deworming and vaccination, breeding method used (natural or artificial insemination), pregnancy status, history of abortion and other reproductive disorders, disposal of aborted materials, herd owner knowledge on brucellosis were collected. A complete form of questionnaire is given in the Annex- I.
3.4. Laboratory Preparation

Contaminated glassware were disinfected in 2% sodium hypochlorite solution prior to cleaning. The glassware were then cleaned by brushing, washed thoroughly  by running tap water, rinsed four times in distilled water and finally sterilized by autoclaving at 1210C for 15 min under 15 lbs pressure per sq. inch. Autoclaved items were dried in a hot air oven at 500C. Disposable plastic like micropipette tips were sterilized by autoclaving. All the glassware was kept in oven at 500C for future use.

Other appliances used are test tube stand, incubator, refrigerator, autoclave machine, hot air oven, centrifuge machines, centrifuge tubes, PCR tubes, disposable 10 ml plastic syringe etc.

3.5. Collection of sample (Aborted caprine fetus)
Aborted fetuses were collected from the selected pregnant does. A total 18 aborted fetuses were collected, transported with ice bag and stored in deep freeze at -300C until test in CVASU lab.
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3.6. Procurement of reagents, chemicals and appliances:
a) Peptone broth

b) Blood agar base (Oxoid)
c) Master mix

d) 100 BP DNA Ladder

e) Nuclease free water

f)  PBS tablet

g) Ethidium bromide

h) 50 x TAE buffer
3.6.1. Procurement of selective media
a) Columbia agar base (BBL, UK)
b) Brucella selective supplement (Oxoid, UK) and Horse serum   (oxoid, UK)
3.6.2. Procurement of Primer 

a) Forward primer of Brucella melitensis  (Bioserve)
b) Reverse primer of Brucella melitensis (Bioserve)
3.7. Storage and Stability
Some kit reagents (such as Columbia agar base, blood agar base, Brucella selective supplement) stored at 2-8°C and adjusted to room temperature (18 to 25°C) before use. Also some reagents such as (Brucella melitensis primer, Master Mix, DNA ladder, Horse serum, Nuclease free water etc.) stored at -20°C and adjusted to room temperature (18 to 25°C) before use. Kit components will remain stable until the date of expiry (as indicated on box) when stored under the recommended conditions. Collected Samples were stored at -30°C and equilibrated to room temperature (18 to 25°C) before use.
3.8. Test Procedure
All reagents supplied by the manufacturer company were equilibrated to room temperature (18 to 25°C) before use.
3.8.1. Preparation of growth medium
After procurement of artificial growth media of Brucella melitensis (Columbia Agar base, BBL, UK) with supplement and Horse serum (Oxoid, UK) and solid media of Brucella was made as described by manufacturer.  Each fetus has made four (4) inoculums and total inoculums were (18x4=72) 72 in number. The inoculums were made from eyeball, kidney, liver and lung after post mortem of each fetus. Pieces from internal tissues of aborted fetuses were collected with set of sterile forceps and scissors and flamed after plunged to ethanol (Esra and Sen, 2007).

Briefly, pooled tissue samples (1–5 mg) were homogenized by grinding with a mortar and pestle. Then the homogenate was transferred into 1.5 ml eppendorf tube.
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The preparation of inocula from aborted fetuses is shown on Table- 1.
Table 1: Preparation of inocula from aborted fetuses
	Number of Aborted Fetuses
	Organs involved for bacterial culture

(Brucella melitensis)
	Number of inocula per fetus
	Total number of inocula for each 
of 

Brucella melitensis

	
	Eyeball
	Liver
	Kidney
	Lung
	
	72

	18
	01
	01
	01
	01
	04
	


3.8.2. Inoculation of Brucella solid media by inoculums: Inoculums were placed in a Biological safety hood and bacterial loop was flamed by Bunsen burner before transferring inoculums into solid media. The solid media was streaked individually and placed into incubator at 370C in a 5% carbon-bi-oxide incubator for 24-48 hours. Every inoculum has been transfer in one solid media for culture. So a total of 18x4) = 72 solid media were inoculated and incubated. 
3.8.3. Growth of Brucella melitensis on culture media
The aseptically collected specimens were inoculated on culture media of Brucella for cultivating and isolating the Brucella melitensis. The culture media was prepared from Columbia Agar Base (BBL), Brucella Selective Supplement (OXOID) and Horse Serum (OXOID), and described as follows:

Twenty two (22) grams of Columbia Agar Base (BBL) was suspended in 500 ml of distilled water in a sterile beaker. This was heated to boiling to dissolve the medium completely. Then it was sterilized by autoclaving at 15 lbs pressure, 1210C for 15 minutes. It was cooled to 45 – 500C before adding Brucella Selective Supplement (Chapin and Doven, 1983). A total of 10 ml Brucella Selective Supplement (OXOID) was mixed with 1:1 ratio of methanol and distilled water and mixed properly. Then it was incubated 370C for 15 minutes. This sterile medium was mixed well and added to Columbia Agar Base. A total of 10% of 10 ml inactivated horse serum (OXOID) and 5% of 10 ml sterile dextrose solution was added to the medium and mixed well. Then 15 ml of medium was dispensed in to each sterile Petri dish. All sterile Petri dishes were incubated at 370C and 5% CO2 for requirement of growth, and growth was seen within 3 – 4 days. Brucella melitensis was demonstrated by growth characteristics and colony morphology on culture media (United States Pharmacopeia, 2007) and also by Gram – staining technique. Few colonies were then transferred into 50% glycerin and kept at – 800C. 
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The fresh culture was further grown in peptone broth, trypticase soya agar and blood agar for DNA extraction for conducting PCR protocol. 
Brucella suspected colonies were characterized by the morphology, positive Gram stain, growth on Peptone broth. It was also identified by inoculation into trypticase soya agar and taken the growth of colonies by loop and was spreaded on the surface of plates containing blood agar media (Bricker and Halling, 1994; Khaled et al., 2014).
The positive isolates were grown in Blood agar (Oxoid Ltd. Basingstoke, Hampshire, England) to get pure fresh colonies.
3.8.4. Preparation of Blood agar and growth on positive isolates in blood agar
10 grams blood agar base was suspended in 250 ml of distilled water in a sterile beaker. It was boiled to dissolve completely. Then the medium containing beaker was sterilized by autoclaving at 121 oC for 15 minutes. After that, it was cooled to 45-50 oC was added 7% of sterile defibrinated blood of sheep. 10- 15 ml of blood agar was poured in each sterilized petridish and it was incubated at 37 oC for 24 hours to check contamination. If there was no contamination then positive isolates were inoculated and incubated at 37 oC for 24 hours and growth of colonies was seen.
3.8.5. DNA Extraction from bacterial culture for PCR test
For DNA extraction boiling method was followed as per the steps given below:

1) Using a sterile inoculating loop, a loop full of fresh colonies (3-4) was picked up from each of the plates and transferred to 1.5 ml eppendorf tubes containing 100µl deionized water. The tubes were then vortexes to have a homogenous cell suspension.

2) A ventilation hole was made on the lids of each of the eppendorf tubes using a sterile needle. The cell suspension tubes were then boiled in a water bath at 100oC for 10 minutes and immediately thereafter cooled by placing them into flaked ice for 10 minutes. This process of boiling and sharp cooling allowed the bacterial cell wall to break down thus releasing DNA.

3) Then the eppendorf tubes with the suspension were centrifuged at 10000 rpm for 10 minutes and the supernatants containing DNA were collected in the fresh eppendorf tubes and preserved at -20oC until testing.  
PCR tests were then performed using primers described by Moshkelani et al., 2011 for Brucella melitensis to detect omp31 gene product. The sequences along with the properties of the primer sets for Brucella melitensis used in this study are shown in Table-2 and Table- 3.
3.8.6. Molecular detection of Omp31 gene by Polymerase Chain Reaction (PCR)
Table- 2: Oligonucleotide primers used in PCR to detect Brucella melitensis
	Primer
	Sequence (5´-3´)
	Melting temperature in oC
	Annealing temperature in  oC
	Size of amplified product as base pair (bp)
	Reference

	 Brucella melitensis
(Forward)
	TGACAGACTTTTTCGCCGAA
	50 oC
	58 oC
	720
	Moshkelani et al., 2011

	 Brucella melitensis

(Reverse)
	TATGGATTGCAGCACCGC
	50 oC
	
	
	


Table- 3: Contents of each reaction mixture of PCR used to detect Brucella melitensis

	CONTENT NAME
	AMOUNT

	Nuclease free water

(Thermo Scientific) 
	6.5µl

	Master Mix (2x) Ready to use
(Thermo Scientific dream Taq PCR)
	12.5 µl

	Forward  Primer 

Reverse Primer
	0.5µl

0.5µl

	DNA template
	5µl


Amplification was performed in a thermo cycler (Applied Biosystem, 2720 thermal cycler, Singapore).  All reactions were carried out in a final volume of 25 µl. The cycling conditions are shown in (Table-4). A total of 32 cycles were run.

Table- 4: Cycling conditions used for PCR detection of Brucella melitensis (Moshkelani et al., 2011)
	Serial No.
	Steps
	Temp. and Time

	1
	Initial denaturation
	94oC for 5 minutes

	2
	Final denaturation
	94oC for 1 minute

	3
	Annealing
	58oC for 1 minute

	4
	Extension
	72oC for 2 minutes

	5
	Final  extension
	72oC for 10 minutes

	6
	Final  holding
	4oC


3.8.7. Visualization of PCR Product
 Gel preparation
Agarose gel (1.5%) was prepared for electrophoresis of PCR- amplification products.  A gel tray was assembled with setting a proper teeth sized comb in the tray. Then 1.5 % agarose solution (Seakem  LEagarose –Lonza) was prepared in 1x TAE buffer by boiling in a microwave oven for 2 minutes. The agarose gel thus prepared was cooled to 40- 50oC in a water bath, having added with 1 drop of ethidium bromide at a concentration of 5µg per ml. Finally, agarose gel was poured into the gel tray and allowed about twenty minutes to stand for solidification of the gel. 
The gel was shipped into an electrophoresis tank, already filled in with 50ml of 1x TAE buffer. Then 5μl of each of the PCR products for an isolate was loaded up into gel–holes. One hole was loaded with DNA marker to compare the amplicon size of the gene product. As a negative control one hole was loaded up with only 5μl of distilled water. As we had no known PCR positive Brucella melitensis isolates from any reference laboratory, so we could not use any positive control during electrophoresis.
Electrophoresis was done at 120 volts and 208 mA for 20 minutes. After completion of electrophoresis the gel was placed in a water bath for rinsing, just for a while. Finally the gel was examined under an UV transilluminator (BDA digital, biometra GmbH, Germany).  Gel electrophoresis was repeated twice with the same PCR products.
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3.8.8. Statistical Analysis 

The collected data were entered into a spread sheet program (Excel; Microsoft, Redmond, WA, USA) and imported into Stata 11 (StataCorp, College Station, Texas, USA) for statistical analysis. The prevalence of Brucella melitensis was estimated using the culture and PCR results positive animals divided by the total population. Different categorical variables such as breed, rearing system, flooring system etc. were taken into account to test significant effect of these risk factors on the culture and PCR positive result. An association was considered significant if the Fisher’s exact p-value was <0.05.

t- test was performed to estimate statistical significance of the continuous variables/ risk factors. Null hypothesis for the t-test was considered H0: diff = 0. P value of <0.05 was considered as significant.

Chapter-4: Results
This present study was aimed at isolation and identifying the Brucella melitensis infection from aborted fetus of goat at Chittagong, Bangladesh. The diagnosis of brucellosis was based on aborted fetus and confirmed by culture and molecular methods by PCR technique. The use of molecular tools to identify Brucella melitensis have not been reported previously in the country and the present study was the first attempt of its kind where PCR amplification used as diagnostic tool. An attempt was also made to evaluate the risk factors associated with Brucella melitensis in aborted fetus. A total of 125 pregnant does was studied and 18 was found aborted during the period of late gestation. Samples were collected and preserved at -30 oC in CVASU lab.
4.1. Prevalence of abortion in goat
The occurrence of abortion in goat is shown in the Table- 5.
Table-5: Prevalence of abortion in goat
	Pregnant does
	Abortion
	Prevalence of abortion (%)

	125
	18
	14.4


Table- 5:  Showed that prevalence of abortion in goat was 14.4%.
4.2. Growth of Brucella spp. from aborted caprine fetus on selective medium 

Table 6: Growth of Brucella spp. from aborted caprine fetus on selective solid medium (Columbia agar base) and liquid medium (Peptone broth base) 

(N= 18, Culture positive N= 02, Results= 11.11 %)
	Fetus ID
	Growth of Brucella sp. in Columbia agar Base with Brucella selective supplement
	Results on Gram Stain and Remarks

	
	Eyeball
	Liver
	Lung
	Kidney
	Pooled
	

	F1-F2, F4-F5 and F7-11 
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative 

for Brucella

	F3 and F6
	Growth within 2-4 days
	Growth within 2-4 days
	Growth within 2-4 days
	Growth within 2-4 days
	Growth within 2-4 days
	Positive 

For Brucella



	                                                             Growth on Peptone broth

	Fetus ID
	Eyeball
	Liver
	       Lung
	Kidney
	Pooled
	

	F3(Fetus 3) 
	Growth after 24 hours
	Growth after 24 hours
	Growth after 24 hours
	   ---
	Growth after 24 hours
	Positive 

for Brucella

	F6(Fetus 6) 
	Growth after 24 hours
	---
	Growth after 24 hours
	    ---
	Growth after 24 hours
	Positive 

for Brucella


Note- Here, F indicates Fetus
4.2.1. Characteristics on Gram staining technique
On Gram – staining, the Brucella melitensis was the Gram – negative coccobacilli with short chain.
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4.3. PCR results for Brucella melitensis from the aborted fetus grown on selective Columbia agar base

Two Columbia agar base positive samples from the 18 aborted fetuses (11.11 % positive); 1 (5.55%) was treated as positive for Brucella melitensis under PCR technique. 

The primers used were derived from the omp31 gene of Brucella melitensis. One sample was produced positive band with a molecular size of 720 bp in agarose gel electrophoresis.    

Table 7: PCR results for Brucella melitensis growth on Columbia agar base
	Fetus ID
	Eyeball
	Liver
	Lung
	 Kidney
	Pooled sample

	F6 (Fetus 6)
	+VE
	+VE
	+VE
	+VE
	+VE


Molecularly positive Brucella melitensis was found in all four organs (eyeball, liver, lung, kidney and pooled samples). 


4.4. Risk factor analysis
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Figure 4: Mean age and mean period of abortion between culture positive and negative animals

The mean age and mean period of abortion between culture positive and negative animals is shown in figure-4. Mean age of abortion of culture positive and negative animals were 3 and 2.7 years, respectively. Mean period of abortion of culture positive and negative animals were 5 and 3.5 months, respectively. From figure-4, it could be seen that the mean age and mean period of abortion between culture positive and negative animals were varied. The mean age and mean period of abortion between culture positive animals were higher than the culture negative animals. 
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Figure 5: Mean age and mean period of abortion between PCR positive and negative animals
The mean age and mean period of abortion between PCR positive and negative animals is shown in figure-5. Mean age of abortion of PCR positive and negative animals were 3.5 and 2.7 years, respectively. Mean period of abortion of PCR positive and negative animals were 5 and 3.6 months, respectively. From figure-5, it could be seen that the mean age and mean period of abortion between PCR positive and negative animals were varied. The mean age and mean period of abortion between PCR positive animals were higher than the PCR negative animals. But, in this study was found only 1 (one) PCR positive case. So in figure- 5 mean age and mean period of abortion of PCR positive animals represents basically only one PCR positive animal’s age and period of abortion.
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Figure 6: Frequency and percentage of abortion cases in different months
The frequency and percentage of abortion cases in different months is shown in figure- 6. Highest frequency and percentage of abortion cases were found in January months. Highest frequency and percentage of abortion cases were 3 and 16%, respectively. Among them two culture positive cases and one PCR positive cases were found in January month.
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Figure 7: Frequency of prior history of different reproductive problems among the study population
The frequency of prior history of different reproductive problems (Failure to conceive, delayed heat, previous abortion, metritis, dystocia, retained placenta etc.) among the study population is shown in figure 7. Among them presence and absence of prior history of different reproductive problems were 72.22 and 27.78 %, respectively. The highest frequency and percentage of prior history was found in two variables- failure to conceive and delayed heat. Highest frequency and percentage was found in 3 animals and 16.67 %, respectively in aborted cases. Among them prior history of reproductive problems delayed heat and previous abortion were found in two culture positive animals for Brucella. Prior history of previous abortion was found in PCR positive animal for Brucella melitensis.

Table 8: Relationship between different categorical variables with Brucella positive samples in culture tested with Fisher’s exact test

	Variable
	Level
	Total observation
	Culture positive

Frequency (%)
	P-value

	
	
	
	Yes
	No
	

	Breed
	Black Bengal
	6
	1 (16.67)
	5 (83.33)
	0.64

	
	Cross
	7
	1 (14.29)
	6 (85.71)
	

	
	Jamunapari
	5
	0
	5 (100)
	

	Rearing system
	Extensive
	3
	0 (0)
	3 (100)
	0.49

	
	Intensive
	4
	0 (0)
	4 (100)
	

	
	Semi-intensive
	11
	2 (18.18)
	9 (81.82)
	

	Flooring system
	Brick
	9
	1 (11.11)
	8 (88.89)
	0.63

	
	Kacha
	5
	1 (20)
	4 (80)
	

	
	Macha
	4
	0 (0)
	4 (100)
	


The relationship between different categorical variables with Brucella positive samples in culture tested with Fisher’s exact test is shown in Table- 8. The frequency (%) of culture positive and negative for Brucella were differing among different breeds (Black Bengal goat, cross, jamunapari goat breed). Among them culture positive and negative animal for Brucella were 16.67 and 83.33 and 14.29 and 85.71 % in Black Bengal and cross-bred goats, respectively. There was no culture positive for Brucella in Jamunapari breed. According to the p value of t-test (0.64) there was no difference in culture positive and negative between different goat breeds. The frequency (%) of culture positive and negative for Brucella were also varied in rearing system. Among them culture positive and negative animal for Brucella were 0 and 100 and 0 and 100%, respectively in extensive and intensive system. The culture positive and negative animals for Brucella were 18.18 and 88.89%, respectively in semi-intensive system. Table- 8 showed that Brucellosis in goat was found in semi- intensive system. According to the p value of t-test (0.49) there was no difference in culture positive and negative between different rearing system of goat. The frequency (%) of culture positive and negative for Brucella were also differing among flooring system. Among them culture positive and negative animal for Brucella were 11.11 and 88.89 and 20 and 80%, respectively in brick and kacha flooring system. The culture positive and negative animals for Brucella were 0 and 100%, respectively in macha flooring system. Table- 8 showed that highest frequency (20%) of Brucellosis in goat was found in kacha system. According to the p value of t-test (0.63), it was statistically insignificant.
4.5. t-test analysis
t- test were performed for the variables age and period of gestation period.. No significance found in case of both variables. Though there was found difference between mean but they could not be proved significant statistically. This may be happened due to small sample size.

4.6. Summary of t- test analysis
Table 9: Comparison of mean age and mean period of gestation during abortion between culture positive and negative animals

	Variable
	Group
	Total observation (N)
	Mean
	SE
	P-value

	Age
	Negative
	16
	2.75
	0.31
	0.79

	
	Positive
	2
	3.00
	0.50
	

	Period of gestation during abortion
	Negative
	16
	3.53
	0.29
	0.10

	
	Positive
	2
	5.00
	0
	


Comparison of mean age and mean period of gestation during abortion between culture positive and negative animals is shown in Table- 9. The mean age of abortion between culture positive and negative animals were 3 and 2.75, years respectively. Apparently, there was different in mean age between culture positive and negative animals. According to P- value (0.79) of t-test there was no different in mean age between culture positive and negative animals. The mean period of gestation during abortion between culture positive and negative animals were 5 and 3.53, respectively. Apparently, there was different in mean period of gestation during abortion between culture positive and negative animals. According to P- value of t-test (0.10) there was no different in mean period of gestation during abortion between culture positive and negative animals.
Chapter-5: Discussion
Abortions have a highly negative impact on reproductive efficiency, resulting in significant economic losses for the animal industry (Silva et al., 2009). Brucellosis once was considered to be the most important reproductive disease of ruminants (Youngquist and Threlfall, 2007). Because of its major economic impact on animal health and the risk of human disease, most countries have attempted to provide the resources to eradicate the disease from the domestic animal population.
Brucellosis is a worldwide zoonotic disease that is recognized as a major cause of heavy economic losses to the livestock industry and poses serious human health hazard (Ocholi et al., 2005). B. melitensis is the main aetiologic agent of brucellosis in small ruminants. Ewes’ and nanny-goats’ aborted fetuses and products derived from sheep and goats remain the main source of infections. Ovine and caprine brucellosis were reported as a most common epidemic infection in Mediterranean and Middle Eastern countries, Asia, Latin America, and South Europe (Minas, 2006; Refai, 2002).
The study revealed that prevalence of abortion in goat was found 14.4 % (18 out of 125). This finding is comparable with the report of Mustafa et al., (2011) who reported the prevalence of abortion in goat as 12.7%.
Confirmatory diagnosis must be provided by the isolation of aetiological agents. Therefore, the isolation of B. melitensis is important to study the epidemiology of brucellosis. 

The recent study showed Brucella spp. was isolated 11.11 % (2 out of 18). This result slightly supports the early reports of Sulima et al., 2008 who reported that Brucella melitensis was isolated 24 % (5 out of 25) from infected goats in Tamil Nadu. They observed that the colonies were round, convex with smooth margin, translucent and pale honey in colour on Brucella selective media. The culture smear showed Gram negative coccobacilli in Gram’s staining and red stained coccobacilli in modified Ziehl Neelsen staining. On the other hand Unver et al., (2006) reported, B. melitensis was isolated from 14 out of 37 (37 %) aborted sheep fetuses in Kars, Turkey and this observation was slightly higher than present study.
In another study Brucella sp. was isolated from different lymph nodes and spleen tissues was of 9 (28.13%) out of 32 in cattle, 25 (36.23%) out of 69 in sheep and of 5 (100%) out of 5 in goats, while the overall rate of isolation was 36.8% of the total number of examined animals (Affi et al., 2011). Samples were cultured on Brucella agar selective media (Oxoid) at 37°C in presence of 10% CO2 for up to 2 weeks. The culture smears showed Gram-negative coccobacili in Gram's staining. The colonies were round, convex, smooth margin, translucent, hony-coloured, glistenining, and bulish on Brucella selective media and this observation was also higher than the current study. Lower prevalence of Brucella of goat in culture was due to small sample size, breed variation, location differences, seasonal differences, limitation of time, variation of weather, differences of culture media, variation of Manufacturer Company of culture media, storage of long days of samples etc.

To best our knowledge, the present study is the first report of Brucella melitensis from aborted caprine fetuses in Bangladesh using PCR.
PCR amplification of the B. melitensis specific outer membrane protein (omp31) gene agarose gel analysis of the amplified products showed a single band of 720 bp for positive aborted fetus samples. The current study showed that the identification of Brucella melitensis was 5.55 % (1 out of 18). This result is approximately similar to a recent report in Turkey that showed a prevalence of B. melitensis of 7.8 % (Ilhan et al., 2008). In another study conducted in Turkey, 10 % of goat and 38.1% of sheep aborted fetus samples were given positive for B. melitensis (Buyukcangaz et al., 2009). In Iran 23 of 140 (16.4%) aborted caprine fetus samples were positive (Moshkelani et al., 2011). Lower prevalence of B. melitensis was due to small sample size, breed variation, geographical region, seasonal differences, limitation of time, variation of primer sequences, variation of manufacturer company of primer, master mix etc.
It was noted that the overall agreement between PCR and culture was 50%. The present findings correlates almost with the findings of Al-Bayatti and Amina (2009) who reported that culture and PCR result was vary and found overall agreement between PCR and culture was 80%.
The present study showed that an insignificantly higher prevalence was found in Black Bengal (16.67 %) than Cross-bred (14.29 %) goats which are contrary to the findings of Rahman et al., 2012. This result may be due to the availability of breed differences, location differences, small size of sample etc.
Does having age group of ≤ 35 months had lower prevalence than those of more than 36 months. This is supported by the findings of Solorio-Rivera et al., 2007 who reported a significantly (p<0.2) higher prevalence of brucellosis in goat aged at >36 months (12%), followed by aged between 24-36 months (11%) and aged ≤ 24 months (6%). Similar findings were also reported by Muma et al., 2006 in Zambia. This is also an agreement with the report of Ashenafi et al., (2007) who recorded prevalence of brucellosis 5.3% observed in adult Black Bengal goats. It appears that the high prevalence of brucellosis among older animals might be related to maturity with the advancing age (Amin et al., 2005).
Abortion due to Brucella melitensis was found fifth month of gestation. The results of this investigation were in sequence with the findings of Samadi et al., (2010); Smits and Kadri, (2005). These authors reported that abortion due to Brucella melitensis usually occurs in the fourth or fifth month of gestation.
The study revealed that Brucellosis in goat was found in semi- intensive rearing system. This findings are in line with Sahin et al., (2008) who reported goats reared in semi-intensive conditions were also associated with Brucellosis. Brucellosis may be acquired directly through contact with contaminated material or aerosol infection or indirectly by grazing on contaminated pastures or through other materials (Sahin et al., 2008).
There was no positive reactor among different goat breeds kept in macha floor. More positive cases were found in goats kept in kacha system floor (20.0%) than in goats kept in brick floor (11.11 %). This finding supports the observation of Rahman et al., (2012) who reported goats kept in kacha floor were more susceptible to brucellosis than brick floor.

The season recorded in this investigation was January months. In general, brucellosis can be found in any season of a year (Gul and Khan, 2007) and is closely related to the months associated with delivery and abortion in animals (Shang et al., 2002).

The prevalence of brucellosis was (11.11%) in Cross-bred goat with the history of previous abortion. This finding is lower than that of Rahman et al., (2011) who reported 66.67% with previous history of abortion. Prevalence rate is reported in 41.9% in goat in Jordan with previous history of abortion (Samadi et al., 2010). Brucellosis is essentially a disease of the sexually mature animals, the predilection site being the reproductive tract, especially the gravid uterus. Allantoic fluids including, erythritol, possibly steroid hormones and other substances stimulate the growth of most of the Brucellae (Radolf, 1994). 

In this study, Brucellosis in goat was also occurred with the previous history of delayed heat. This is also an agreement with the report of Rahman et al., (2012) who reported previous history of delayed heat was also associated with Brucellosis in goat.

Chapter-6: Conclusion
This is the first time isolation and identification of Brucella melitensis in cross-bred aborted fetus of goat at Chittagong, Bangladesh. The current study reveals that the prevalence of Brucellosis was differ from cultural method and PCR technique. This study showed that the risk factors influence the increase rate of abortion in does. The risk factors were breed, age, rearing and flooring system, period of abortion, seasons, prior history of abortion and other reproductive problems. But some constraints in this study were small population size, limited time, and seasonal differences. This research study will help to know the reason of abortion of goat and provide awareness of its prevention and control in backyard system. Not only that, this disease also possesses the high risk of transmission to human, so it is very much needed to control that disease. 
Chapter-7: Recommendations
This is a limited study with small sample sizes and short period of time. Result should be established by further study with larger sample sizes and areas. Further studies should be required to characterize the Brucella melitensis by gene sequencing.
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Annex- I
Questionnaire
Name and address of patient owner: ……………………………..
Contact No: ………………………………………………………
Goat ID: ………………………………………………………….
Age: ………………..                                                       
Breed: Black Bengal / Cross / Jamunapari
BCS                                 : 1 / 2 / 3 / 4 / 5.                             

Total no. of animal:                 
Type of feed supplied: Roughage: straw/green grass or concentrate
Rearing system           :  Semi- intensive / intensive / extensive
Flooring system                       :  Brick / kacha / macha
Pregnancy
              : Y / N.                                            Duration: …………….. months.

Breeding system           : NS / AI                           

Any reproductive disorder last year? Abortion / delayed heat / retained placenta / dystocia / metritis / no history of reproductive disorder        
Samples taken               : Aborted fetus
Period of abortion: ……………….. months       
Any knowledge of Brucellosis               : Y /N
Annex- II

Growth of Brucella spp. from caprine aborted fetuses on selective Columbia agar/Peptone broth base. (N= 18, Culture positive N= 02, Results= 11.11 %)
	Fetus number
	Growth on Columbia agar base with Brucella selective supplement
	Results on Gram Stain and Remarks

	
	Eyeball
	Liver
	Lung
	Kidney
	Pooled
	

	F1 (Fetus 1)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F2 (Fetus 2)
	No Growth 
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella 

	F3 (Fetus 3)
	Growth after 96 hours
	Growth after 96 hours
	Growth after 48 hours
	Growth after 96 hours
	Growth after 96 hours
	Positive

for Brucella

	F4 (Fetus 4)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F5 (Fetus 5)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F6 (Fetus 6)
	Growth after 36 hours
	Growth after 96 hours
	Growth after 36 hours
	Growth after 96 hours
	Growth after 96 hours
	Positive

for Brucella

	F7 (Fetus 7)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F8 (Fetus 8)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F9 (Fetus 9)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F10(Fetus 10)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F11(Fetus 11)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative

for Brucella 

	F12(Fetus 12)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F13 (Fetus 13)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F14 (Fetus 14)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative

for Brucella

	F15 (Fetus 15)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F17 (Fetus 17)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for Brucella

	F18 (Fetus 18)
	No Growth
	No Growth
	No Growth
	No Growth
	No Growth
	Negative for
Brucella

	
	                            Growth on Peptone broth

	

	
	Eyeball
	Liver
	Lung
	Kidney
	Pooled
	

	F3(Fetus 3) 
	Growth after 24 hours
	Growth after 24 hours
	Growth after 24 hours
	---
	Growth after 
24 hours
	Positive for Brucella

	F6(Fetus 6) 
	Growth after 24 hours
	---
	Growth after 24 hours
	 ---
	Growth after 
24 hours
	Positive for Brucella
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Picture 11: PCR products amplified using Brucella melitensis (Forward) & Brucella melitensis (Reverse) specific primers. Lane M: 100 bp DNA ladder (Invitrogen), lane N: negative control, lane1, 2, 3,5 & 7: negative samples, lane: 4 & 6 positive samples. Lane 4: pooled positive sample and lane 6: positive sample (eyeball).








Picture 3: 4 types of inoculums (A- lung, B- kidney, C- liver and D- eyeball)





Picture 2: Postmortem of aborted goat fetus





Picture 9: Brucella sp. grown on blood agar base





Picture 8: Brucella sp. grown on Columbia agar base





Growth (colonies) of Brucella sp. in Kidney








Growth (colonies) of Brucella sp. from eyeball sssasssassample





Brucellosis


Suspected areas





Picture 1: Collected aborted fetus of goat





Picture 4: Pooled sample homogenized by grinding with a mortar and pestle





Picture 6: Inoculum into Brucella selective solid media





Picture 7: Loading of PCR product into gel-hole





Picture 5: Boiling of Columbia agar medium





Brucella culture media





Collection of Brucella selective suuplement





Transfer of fresh colonies into deionized water





Boiling of samples in hot water bath





Homogenized of sample by vor
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�





Homogenized of sample by vortexing





Transfer of fresh colonies in deionized water





PERFORMING LABORATORY PROCEDURE








Picture 10: Microscopic picture of 


Brucella sp.





A





C





D
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Baseline survey





Breed, Sex, age, BCS, type of service, Pregnancy status etc. 





Animal selection





            Sample collection





Aborted fetus (stored at -200C





Postmortem and Preparation of inoculum, isolation by culture





Positive isolates  storage with glycerinated buffer





Identification- DNA extraction from fresh culture, then PCR





Pregnant does


















































