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Chapter I
INTRODUCTION
Infectious diseases are significant impediments to the economical rearing of small ruminants (Radostits et al., 2000). Among these infectious diseases, Peste des petitis ruminants (PPR) becomes much more important disease because it causes heavy economic losses. The outbreaks of PPR caused 74.13% morbidity and 54.83% mortality in Black Bengal goats in Bangladesh (Islam et al., 2003). 
The causal agent is a member of the genus Morbillivirus under the family of Paramyxoviridae. The PPR virus identified in Bangladesh after a severe outbreak in 1993 from the border belt areas of southwestern districts and the disease is now endemic in this country. Outbreaks of PPR in different organized goat farms are generally associated with introduction of new goats from outside. The disease is characterized by mainly three symptoms like discharges (nasal, ocular and oral), diarrhea and death; hence, it is called 3D disease. The other symptoms are high fever, eroded stomatitis, pneumonia and gastroenteritis (Radostits et al. 2000). Clinically the disease has marked resemblance to Rinderpest of cattle. Most of the time clinical signs are being exaggerated by concomitant secondary bacterial infection. They become pathogenic under environmental and other stress-causing influences. Aerobic bacterial agents such as Pasteurella multocida, Staphylococcus aureus, Streptococcus pyogenes, Corynebacterium pyogenes and Bacillus sp. among others have been shown to play important roles in small ruminant pneumonia. These bacteria usually find their way into underlying epithelial surfaces of pneumonic lungs damaged by viral or parasitic agents and hence complicate the infection (Adekeye 1984; Al-Tarazi and Daghall 1997). This probably explains the moderate association observed in the present study between clinical cases of PPR and bronchopneumonia.
Therefore, it is very important to identify the types of bacteria associated with PPR infection in goats. It will help the veterinarian to treat PPR infected goat concerning the secondary bacteria associated with PPR.
PPR occurs mainly in three forms, per acute, acute and sub clinical. Per acute and acute form of the disease are seen in 4 phases include incubation, prodromal, pneumonic and diarrhea/death. The affected animal standing apart with impaired appetite accompanied with poor rumination and constipation. Two to five days after onset of fever, mucosal erosion as pin heads of necrotic epithelium on the mucous membrane lining of the mouth, nasal passages and uro-genital tracts. After two or three days of mucosal erosion, the fever regress and pneumonia accompanied with diarrhea. The peri-oral and peri-nasal areas are encrusted with mucopurulent discharges. The high morbidity (100%) and mortality (50% to 90%) rates in goats caused by PPR have been described in Bangladesh, followed by evaluation of ELISA as field diagnostic method and inactivated vaccine to control this disease (Sil et al., 2006).

Objectives:
· To identify the association between bacterial infection with PPR virus in Black 
       Bengal goats.
· To determine the percentage of types of bacteria associated with PPR in Black 
      Bengal goats.

Chapter II

REVIEW OF LITERATURE
For centuries, morbillivirus infections have had a huge impact on both human beings and animals. Morbilliviruses are highly contagious pathogens that cause some of the most devastating viral diseases of humans and animals worldwide (Murphy et al., 1999). They include measles virus (MV), canine distemper virus (CDV), rinderpest virus (RPV), and peste des petits ruminants virus (PPRV). Furthermore, new emerging infectious diseases of morbilliviruses with significant ecological consequences for marine mammals have been discovered in the past decade. Traders introduced the great cattle plagues of the 18th and 19th centuries in Europe from the East (Wilkinson, 1992). Subsequently, rinderpest was introduced into Africa from India during colonial wars in Abyssinia in the 1890s, with devastating effects on the susceptible domestic and wildlife species. International campaigns are under way to eradicate globally both MV and RPV. Peste des petits ruminants virus (PPRV), originally endemic in west Africa has spread across East Africa, the Middle East and southern Asia as far as Bangladesh (Shaila et al., 1996) and Turkey (Ozkul et al., 2002). 
Morbilliviruses are enveloped, nonsegmented negative strand RNA viruses and constitute a genus within the family Paramyxoviridae. They cause fever, coryza, conjunctivitis, gastroenteritis, and pneumonia in their respective host species. The major sites of viral propagation are lymphoid tissues, and acute diseases are usually accompanied by profound lymphopenia and immunosuppression, leading to secondary and opportunistic infections (Murphy et al., 1999).

2.1. Hstory of PPR
PPR is a highly contagious and infectious viral disease of domestic and wild small ruminants (Furley et al., 1987). It is an economically significant disease of small ruminants such as sheep and goats (Dhar et al., 2002). It was first described in Côte d'Ivoire in West Africa (Gargadennec and Lalanne, 1942) where it used to be named as Kata, psuedorinderpest, pneumoenteritis complex and stomatitis-pneumenteritis syndrome (Braide, 1981).

Investigators soon confirmed the existence of the disease in Nigeria, Senegal and Ghana. For many years, it was thought that it was restricted to that part of the African continent until a disease of goats in the Sudan, which was originally diagnosed as rinderpest in 1972, was confirmed to be PPR (Diallo, 1990). The realization that many of the cases diagnosed as rinderpest among small ruminants in India, may instead have involved the PPR virus, together with the emergence of the disease in other parts of western and South Asia (Shaila et al., 1996), signified its ever-increasing importance. It has received a growing attention because of its wide spread, economic impacts (Lefèvre and Diallo, 1990) and the role it plays in complication of the ongoing global eradication of rinderpest and epidemiosurveillance programmes (Couacy-Hymann et al., 1995).

2.2. Causative Agent

PPR is caused by a virus that was assumed for a long time to be a variant of rinderpest adapted to small ruminants. However, studies based on virus cross neutralization and electron microscopy showed that it was a morbillivirus that had the physicochemical characteristic of a distinct virus though biologically and antigenically related to RPV. PPRV is in the Morbillivirus genus of the Paramyxoviridae family. The Morbillivirus genus also includes other six viruses: measles virus (MV), rinderpest virus (RPV), canine distemper virus (CDV), porcine morbillivirus (PMV), porpoise distemper virus (PDV) and dolphin morbillivirus (DMV) (Barrett, 2001). 

2.3. Morphology
PPR virus is enveloped with helical pleomorphic shape containing sense single stranded non-segmented RNA molecule. The genome of this virus is a single linear molecule of approximately 4.5 × 106 DA with 16,000 ribonucleotides which is encoded with six structural protein, the Nucleocapside (N), Matrix (M), Fusion (F), Haemaglutinin (H), Polymerase (P) (Sil et al., 2006). The PPR virus identified in Bangladesh is under the lineage 4 of PPR phylogenetic tree based on the N gene analysis (Barrett et al., 1993).
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2.4. Geographical Distribution

PPR is known to be present in a broad belt of sub-Saharan Africa, Arabia, the Middle East and Southern Asia. Major outbreaks in Turkey and India in recent years have indicated a marked rise in the global incidence of PPR (Ozkul et al., 2002).  The virus was isolated in India (Nanda et al., 1996) and Turkey (Ozkul et al., 2002). Serological evidences were detected in Syria, Niger and Jordan, while the virus presence was confirmed with cDNA probe in Ethiopia and Eritrea (Alemu Yami et al., 2009), respectively. Genetic relationship between PPR viruses isolated from different geographical regions was studied by sequence comparison of the F-protein gene. Four lineages were revealed (Dhar et al., 2002) (Fig. 2, Fig. 3). Viruses isolated in Africa in 1970s represent lineage 1 (Nigeria/1975/1, Nigeria/1975/2, Nigeria1975/3, Nigeria/1976/1 and Senegalese strain). Lineage 2, which includes viruses isolated in the late 1980s in West Africa (Ivory Coast and Guinea), is the only African lineage that did not cross the Red Sea to the Asian countries. Lineage 3 is a combination of isolates from Sudan (Diallo, 2004), Ethiopia (Roeder et al., 1994). Lineage 4 of PPR virus isolates, which includes the Asian isolates from Israel/1994, Iran/1994, Nepal/1995, Bangeldesch/1993 and India (Shaila et al., 1996), is confined to Asia. Recently, it was reported in Turkey (Ozkul et al., 2002). The presence of the two African lineages in Asia beside a distinct Asian lineage may be taken as indication of the trade route of spread of the disease.
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Fig. 02 Geographic distribution of PPRV lineages (Dhar et al., 2002)
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Fig. 03. Phylogenetic relationships of the PPR virus isolates based on (F) protein gene (Ozkul et al., 2002)

2.5. Epidemiology

2.5.1. Transmission:

Transmission requires close contact between infected animals in the febrile stage and susceptible animals (Braide, 1981) because of the lability of the virus outside the living host. The discharges from eyes, nose and mouth, as well as the loose faeces, contain large amounts of the virus. Fine infective droplets are released into the air from these secretions and excretions, particularly when affected animals cough and sneeze (Bundza et al., 1988; Taylor, 1984). Animals in close contact inhale the droplets and are likely to become infected. Although close contact is the most important way of transmitting the disease, it is suspected that infectious materials can also contaminate water and feed troughs and bedding, turning them into additional sources of infection. These particular hazards are however probably short-term since the PPRV, like rinderpest, would not be expected to survive for long outside the host. Indirect transmission seems to be unlikely in view of the low resistance of the virus in the environment and its sensitivity to lipid solvent (Lefèvre and Diallo, 1990). There is no known carrier state for PPRV. Trade in small ruminants, at markets where animals from different sources are brought into close contact with one another, affords increased opportunities for PPR transmission, as does the development of intensive fattening units.

2.5.2. Host Range and Pathogenecity:

PPR is mainly a disease of small ruminants. It affects goats and sheep. PPR virus exhibits different levels of virulence between sheep and goats. Goats are severely affected while sheep generally undergo a mild form (Lefèvre and Diallo, 1990). Taylor, who hypothesised that sheep possessed an innate resistance to the clinical effects of disease, reported an outbreak with a high mortality in sheep but occasional field strains could overcome this resistance and produce high mortality (Taylor, 1984). Breed may affect the outcome of PPR virus infection and its epidemiology; the Guinean breeds (West African dwarf, Iogoon, kindi and Djallonke) are known to be highly susceptible (Lefèvre and Diallo, 1990). This is in agreement with the finding that British breed exhibited severe clinical reaction when infected experimentally while the Sudanese breeds failed to develop a characteristic clinical response (Taylor, 1984). A more recent observation detected variations in breed susceptibility within goats in West Africa. The acute form of the disease was observed in WAD goats while WALL breed developed only mild form (Diop et al., 2005). 

In India and the Middle East, both goats and sheep are affected with equally devastating consequences. In India, morbidity and case fatality reach 10 and 25% respectively in flocks of indigenous sheep (Shaila et al., 1996). The outbreak will not involve cattle, whether rinderpest vaccinated or not, even if they are in contact with affected goats and sheep. Cattle and pigs are known to be a dead end host and all attempt to induce clinical disease in adult cattle experimentally failed; they undergo a silent or subclinical infection that protect them against subsequent challenge with virulent strain of RP (Gibbs et al., 1979; Taylor, 1984). Seroneutralization test for the presence of PPR antibodies detected 4.2% in 142 camels (Ismail et al., 1995). PPR affect wildlife animals both under field condition and experimentally. The disease was induced experimentally in American white deer (Odocoileus virginianus) which was found to be susceptible and a field outbreak was reported from a zoological collection in Alain. It caused a high mortality and severe disease in Dorcas Gazelles (Gazella dorcas), Nubian Ibex (Capra ibex nubiana), Laristan sheep (Ovis orientalis laristani) and gemsbok (Oryx gazellaa). Subclinical involvement of Nigale (Tragelaphinae) was suspected. In another report from Saudi Arabia, PPR was suspected on clinical and serological base in Gazaelle and deer. Antelope and other small wild ruminant species can also be severely affected (Elzein et al., 2004).

2.5.3. Pattern of the disease:

In general, morbidity is common, particularly in fully susceptible goat populations. Milder forms of the disease may occur in sheep and immune goat populations. There are considerable differences in the epidemiological pattern of the disease in the different ecological systems and geographical areas. In the humid Guinean zone where PPR occurs in an epizootic form, it may have dramatic consequences with morbidity of 80%-90% accompanied with mortality between 50 and 80% (Lefèvre and Diallo, 1990). While in arid and semi-arid regions, PPR is seldom fatal but usually occurs as a subclinical or inapparent infection opening the door for other infections such as Pasteurellosis (Lefèvre and Diallo, 1990). Though outbreaks in West Africa coincide with the wet rainy season, Opasina and Putt (1985) observed outbreaks during the dry season in two different ecological zones. A high morbidity of 90% accompanied with 70% case fatality was reported from Saudi Arabia (Abu Elzein et al., 2004). 

2.6. Clinical Signs:

Clinical signs of PPR have been well-documented (Taylor, 1984; Bundza et al., 1988; Roeder et al., 1994; Roeder and Obi, 1999). Introduction of PPR into a flock may be associated with any of the following:

• History of recent movement or gathering together of sheep and/or goats of different ages with or without associated changes in housing and feeding;

• Introduction of recently purchased animals; contact in a closed/village flock with sheep and/or goats that had been sent to market but returned unsold;

• Change in weather such as the onset of the rainy season (hot and humid) or dry, cold periods, contact with trade or nomadic animals through shared grazing, water and/or housing;

• A change in husbandry (e.g. towards increased intensification) and trading practices.

Following infection there is a 3–4 day incubation period during which the virus replicates in the draining lymph nodes of the oro-pharynx before spreading via the blood and lymph to other tissues and organs including the lungs causing a primary viral pneumonia. The predominant form of the disease is the acute form. The salient clinical signs start with sudden rise in body temperature to 39.5 - 41°C. Affected animals breathe fast, sometimes so fast that they exhibit rocking movements with both the chest and abdominal walls moving as the animal breathes. Severely affected cases show difficult and noisy breathing marked by extension of the head and neck, dilation of the nostrils, protrusion of the tongue and soft painful coughs. They have obvious signs of pneumonia. A clear watery discharge starts to issue from the eyes, nose and mouth, later becoming thick and yellow because of secondary bacterial infection. Appearance of a serous to mucopurulent nasal discharge which may crust over and occlude the nostril, sneezing, ocular discharge resulting in matting of the eyelids. The discharges wet the chin and the hair below the eye; they tend to dry, causing matting together of the eyelids, obstruction of the nose and difficulty in breathing. Unlike RP, there is a definite but inconstant, respiratory system component (Bundza et al., 1988). One to two days after fever has set in, the mucous membranes of the mouth and eyes become much reddened. Then, epithelial necrosis causes small pinpoint grayish areas on the gums, dental pad, palate, lips, inner aspects of the cheeks and upper surface of the tongue. These areas increase in number and size and join. The lining of the mouth is changed in appearance. It becomes pale and coated with dying cells and sometimes the normal membrane may be completely obscured by a thick cheesy material. Underneath the dead surface cells, there are shallow erosions. Gentle rubbing across the gum and palate with a finger may yield a foul-smelling material containing shreds of epithelial tissue (Braide, 1981). Body temperature usually remains high for about 5-8 days, and then slowly returns to normal prior to recovery or drops below normal before death.
Diarrhoea commonly appears about two to three days after the onset of fever although, in early or mild cases, it may not be obvious. The faeces are initially soft and then watery, foul smelling and may contain blood streaks and pieces of dead gut tissue. Where diarrhoea is not an obvious presenting sign, the insertion of a cotton wool swab into the rectum may reveal evidence of soft faeces, which may be stained with blood. Such victims may eventually become dehydrated with sunken eyeballs, and death often follows within seven to ten days from onset of the clinical reaction. Other animals will recover after a protracted convalescence.  The affected animals had lymphocytopenia, elevated PCV (above 60% while normal 35-45%), very high RBCs count while the level of hemoglobin and the white blood cells was normal (Furley et al., 1987). A common feature in later stages of the sub-acute disease is the formation of small nodular lesions in the skin on the outside of the lips around the muzzle. The exact cause of this is not known.

2.7. Pathology

2.7.1 Pathogenesis: PPR virus, like other morbilliviruses, is lymphotropic and epitheliotropic (Scott, 2000). Consequently, it induces the most severe lesions in organ systems rich in lymphoid and epithelial tissues. The respiratory route is the likely portal to entry. After the entry of the virus through the respiratory tract system, it localizes first replicating in the pharyngeal and mandibular lymph nodes as well as tonsil. Viremia may develop 2-3 days after infection and 1-2 days before the first clinical sign appears. Subsequently viremia results in dissemination of the virus to spleen, bone marrow and mucosa of the gastro-intestinal tract and the respiratory system (Scott, 2000).

2.7.2 Post mortem findings: The carcass of an affected animal is usually emaciated, the hindquarters soiled with soft/watery faeces and the eyeballs sunken. The eyes and nose contain dried-up discharges. Lips may be swollen; erosions and possibly scabs or nodules in late cases. The nasal cavity is congested (reddened) lining with clear or creamy yellow exudates and erosions. They may be dry with erosions on the gums, soft and hard palates, tongue and cheeks and into the oesophagus. The lung is dark red or purple with areas firm to the touch, mainly in the anterior and cardiac lobes (evidence of pneumonia). Lymph nodes (associated with the lungs and the intestines) are soft and swollen. Abomasum congested with lining haemorrhages. 

Necrotizing and ulcerative lesions in the mouth and the gastro-intestinal tract (Roeder et al., 1994) dominate the pathology caused by PPR. Erosion in the oral cavity is a constant feature. The rumen reticulum and omasum rarely exhibit lesions. Occasionally, there may be erosions on the pillars of the rumen. The omasum is a common site of regularly outlined erosions often with oozing blood. Lesions in the small intestine are generally moderate, being limited to small streaks of hemorrhages and, occasionally, erosions in the first portions of the duodenum and the terminal ileum. The large intestine is usually more severely affected, with congestion around the ileo-cecal valve, at the ceco-colic junction and in the rectum. In the posterior part of the colon and the rectum, discontinuous streaks of congestion “zebra stripes” form on the crests of the mucosal folds.
In the respiratory system, small erosion and petechiae may be visible on the nasal mucosa, turbinates, larynx and trachea. Bronchopneumonia may be present, usually confined to the anterior-ventral areas, and is characterized by consolidation and atelectasis.

2.8. Treatment and vaccination

Hyperimmune serum can be used successfully along with long acting antibiotic (Antibiotic Combined Hyperimmune Serum Therapy) to limit the spread of virus and recover those animals, which are under incubation and in early stage of infection. Good nursing, Symptomatic treatment with broad-spectrum antibiotic/ sulphur drugs can save life of sick animal of and can improve the immunosuppressive condition of the affected goat (Sil et al., 2006 and Scott, 2000).

There are no known effective drugs against virus etiology of this disease. However, hyperimmune serum and supportive treatment with fluid therapy for dehydration and antibiotics to prevent secondary bacterial infection could be used to save the life of the infected goats. Anene et al., 1987 who studied the appraisement of the treatment of naturally occurring PPR in goats with oxytetracycline, chloramphenicol 25% aqueous solution and metamerazine in different groups at the recommended dose rates found recovery rate 14.29%. Islam et al., 2003 stated that antibiotic combined therapy with hyperimmune serum, in which recovery rates was an average of 68.75%. 

Control of PPR in non-infected countries may be achieved using classical measures such as restriction of importation of sheep and goats from affected areas, quarantine, slaughter and proper disposal of carcasses and contact fomites and decontamination of affected premises in case of introduction. Control of PPR outbreaks can also rely on movement control (quarantine) combined with the use of focused ("ring") vaccination and prophylactic immunization in high-risk populations. Immunization of small ruminants with lymph node and spleen materials containing virulent virus inactivated with 1.5-5% chloroform was tried and the animals were immune to subsequent challenge 18 months latter (Braide, 1981). Until recently, the most practical vaccination against PPR was based on the use of tissue culture adapted rinderpest vaccine. Vaccination of animals with RP attenuated virus has been practiced for a long time. The tissue culture rinderpest vaccine (TCRV) at a dose of 102.5 TCID50 protected goats against PPR for 12 months and the animals were not able to transmit the infection following challenge with PPR virus (Taylor, 1984), although the antigen was detected in lachrymal swabs from vaccinated animals after challenge with virulent virus (Gibbs et al., 1979). However, it was reported previously that considerable residues of virulence were detected after 32, 42, even 65 serial passages in embryonic lamb kidney cells (Taylor, 1997). This vaccine was successfully used to control PPR in some countries in West Africa and is widely used in many African countries (Lefèvre and Diallo, 1990). 
2.9. Secondary bacterial infection in PPR affected goat:

Simple correlation matrix of the monthly occurrence of the three disease conditions showed that trypanosomosis and bronchopneumonia occurred together about 41% of the times; while for PPR and bronchopneumonia it was 44%. Bronchopneumonia of small ruminants is a bacterial infection caused mostly by Pasteurella organisms, especially Pasteurella histolytica, which exits saprophytically on the mucosa of upper air passages of the respiratory tracts. They become pathogenic under environmental and other stress-causing influences such as viral and parasitic infections (Jensen 1974; Seifert 1996). Other aerobic bacterial agents such as Pasteurella multocida, Staphylococcus aureus, Streptococcus pyogenes, Corynebacterium pyogenes and Bacillus sp. among others have been shown to play important roles in small ruminant pneumonia in Nigeria (Adekeye 1984; Obi 1997; Raji et al 1999). These bacteria usually find their way into underlying epithelial surfaces of pneumonic lungs damaged by viral or parasitic agents and hence complicate the infection (Adekeye 1984; Al-Tarazi and Daghall 1997). This probably explains the moderate association observed in the present study between clinical cases of PPR and bronchopneumonia.

The prognosis of acute PPR is usually poor. The severity of the disease and outcome in the individual is correlated with the extent of the mouth lesions. Prognosis is good in cases where the lesions resolve within 2 to 3 days. It is poor when extensive necrosis and secondary bacterial infections result in a fetid odor from the animal’s mouth (Alemu Yami et al., 2009).
Bacteriological isolation of aerobic bacteria from nasal discharge of achondroplastic West African dwarf goats showing clinical signs of peste des petits ruminants (PPR), and the laboratory procedures carried out for the identification of the isolates are described. From forty nasal swabs, obtained seventy-five isolates were recovered. The percentage frequency of isolation of different organisms in descending order of occurrence is as follows: Staphylococcus 44.0%; Streptococcus 22.67%; Neisseria 12.00%; Pasteurella 10.67%; Pseudomonas 4.00%; Proteus 4.00% and Corynebacterium 1.33%. A further break-down  using biochemical tests revealed that Staphylococcus aureus accounted for 30.67%  of the total bacteria isolates; Staphylococcus epidermidis 13.33%; Streptococcus  viridans 18.67%; Streptococcus pyogenes 4.00%; Neisseria catarrhalis 12.00%;

Proteus mirabilis 2.67%; Proteus rettgeri 1.33%; Pseudomonas aeruginosa 5.33%; Pasteurella multocida 4.00%; Pasteurella haemolytica 6.67% and Corynebacterium pyogenes 1.33%.(Ugochukwu EI, Agwu CO, 1991).
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 MATERIALS AND METHODS
3.1 Duration of study:
The study was carried out between October 2011 to April 2012 at SAQTVH, Chittagong Veterinary and Animal Sciences University.

3.2 Selection of the study area:

S.A. Quadery Teaching Veterinary Hospital, CVASU was selected purposively as study area.

The main considerations in selecting the study area were as follows:

i .  Availability of large number of samples for the study.
ii.  Good communication facilities with the microbiology laboratory.

3.3 Selection of sample and sampling technique:

From 50 goats, samples were collected where 23 and 27 were male and female accordingly. All the PPR infected goats were selected as sample based on clinical signs and the technique was purposive sampling. All data were recorded in well-planned questionnaire.

3.4. Collection of sample:
From each clinically PPR suspected goat, nasal swab was taken. The tip of swab (cotton bud) was deeply inserted into the nasal cavity and carefully pressed and rubbed the tip of cotton bud around the cavity wall. The tip of the nasal swab was then removed by using a scalpel and inserted into a 1ml syringe. With 0.2 ml of PBS, the sample was extracted by repeatedly expelling and filling the 0.2 ml of PBS into Eppendorf tube using the syringe plunger. The blood film was also made by putting a drop of blood on a microscopic slide and then spread it by another slide. After that, it was transferred to microbiology laboratory, CVASU, for Giemsa staining.

3.5. Preservation of sample:
The resulting flushed fluid, which served as the source of sample, was placed into a refrigerator at -85ºC until laboratory investigation.
3.6. Isolation and identification of bacteria: 

Samples collected from nasal cavity were placed in PBS, and inoculated on ox-blood agar. Blood agar plates were incubated at 37ºC overnight and then examined the growth visually for colony formation and by Gram staining technique. Hemolytic properties of the bacteria were also noted. A pure bacterial growth was identified by having homogeneity in morphological examination under microscope from discrete colonies. Repeated passages given on Muller-Hinton agar plates from suspected mixed bacterial growth on blood agar, yielded pure growth at the end. Giemsa staining technique was followed to discriminate bipolar bacteria from blood film. Bacteria isolated in pure growth were identified by using different selective media for their growth and conventional biochemical tests.

3.6. 1. Gram staining technique:
A bacterial film prepared from a colony was stained for 1 minute with Hucker’s gentian violet/crystal violet solution, prepared as follows: 20 ml saturated alcoholic solution crystal violet (2-gram dye in 20 ml of 95% ethyl alcohol) + 80 ml of 1% ammonium oxalate. Then the film was washed with distilled water and applied Gram’s iodine for 1 minute (Iodine 0.33g and Potassium iodide 0.66 g in 100 ml distilled water) followed by decolorization with acetone-alcohol (1:1) for 5-7 seconds. The film was then washed in water and applied counter stain i.e. 2.5% aqueous solution of Safranin-O for 1 minute. The bacteria, which retained the violet stain, were identified as gram-positive and those found red-stained were identified as gram-negative (David, 2006). 

3.6.2. Giemsa staining technique:
A bacterial film was immersed in diluted Giemsa’s stain (prepared according to the manufacturer’s instructions) and kept the stain overlaid the film for 8-12 hours or even over night. Then washed with distilled water and examined under a microscope. Those bacteria stained deeply at the two poles were characterized as bipolar bacteria.

3.6.3. Biochemical analysis:

Confirmation of the genus, Staphylococcus was done by Gram staining and various biochemical tests including Catalase test, Oxidase test, Methyl red,  Indole, acid from different sugars, and haemolysis on Ox Blood Agar (OBA) following the method of Cruickshank (1970). 

3.7. Data entry and analysis:
Raw data were collected and compiled from the questionnaire by using (Microsoft Office Excel 2003). Simple statistical measures were used in this study.
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RESULT 

4.1. An overall statistics on the PPR-affected goats enlisted in the study
An overall statistics on the number of PPR-affected goats investigated in the study is summarized in Table 1. The study was ended when the numbers of PPR-cases in Black Bengal goats reached in 50 and the 7-month long study about the PPRV-infected goats was recorded in two distinct temporal phases: October-December and January-April, with the highest number in October-December (29). Of the 50 PPR-diagnosed goats, 64% were less than 1 year of age. The percentage of male and female goats was 46% and 54% respectively.
Table 1:  An overview statistics of the numbers of naturally PPRV infected goats 

	Temporal phase
	Age of goats 
	Sex

	
	<1 year
	≥1 year
	Total
	Male
	Female 
	Total

	October–December
	17
	12
	29
	14
	15
	29

	January - April
	15
	6
	21
	9
	12
	21

	Total 
	32
	18
	50
	23
	27
	50


4.2. Bacterial infections in Black Bengal goats naturally infected with PPRV:

The bacteria recovered from Black Bengal goats naturally infected with PPRV shown in Table 2. Gram-positive organisms (not identified in this study) and some Staphylococcus SPP. were found to be the significant organisms in the PPRV-infected Black Bengal goats whereas Pasteurella SPP.  was also found to be associated in 6% of PPRV-infected goats.
Table 2: Bacterial infections in Black Bengal goats naturally infected with PPRV:

	Sex
	Staphylococcus SPP.
	G+ bacilli
	G- bacilli
	Pasteurella SPP.

	Male (23)
	5
	11
	7
	1

	Female (27)
	6
	14
	7
	3


Gram Positive Bacilli found to be 48% in male goat whereas 52% in female goat. From the PPRV infected goat, Staphylococcus SPP. was found to be similar in both male and female that constituted for 22%. There was somewhat increased number of Gram-negative bacteria found in male goat that made 30% whereas in female goat it was 26% and shown in Graph-1.
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Graph-1: Correlation between sex of goat and bacterial infection
There was also found close association between PPR and Pasteurella SPP. infection. Under Giemsa staining the bipolar bacteria suggested that it might have been Pasteurella SPP. This bacterium is a normal commensal and found frequently in respiratory passage. Pasteurella SPP. isolated from PPRV infected male and female goat in this study were 4% and 11% respectively (Graph-2)
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Graph-2: Pasteurella SPP. infection in male and female goat infected with PPRV
Chapter V
DISCUSSION
PPR is a viral disease and application of any kinds of antibiotics has no direct effect to the causative virus. The virus also causes immune suppression in goats hence they are more vulnerable to bacterial infections. The bacteria easily infect the immunocompromised goats.  Sometimes, even commensals can endogenously mobilize to cause severe systemic infections in PPRV-infected goats (Obi et al., 1983). 

This study revealed that the predominated organisms recovered from PPRV-infected goats are gram-positive bacilli and Staphylococcus SPP.  Some of them could be commensals recoverable from the nasal swabs of healthy goats. However, the contributory roles of Pasteurella SPP. in developing pneumonia have been documented before (Ezzil et al., 2007). Due to resource constraints, some organisms isolated in this study were not able to identify in specific manner, but belonged to two broad groups i.e. Gram positive and Gram-negative bacilli. 

Percentage of Pasteurella SPP. (4% in male) isolated from PPRV infected goat was similar to the result reported by Ugochukwu and Agwu (1991). They also found 44% Staphylococcus SPP. from nasal swabs of PPR infected goats, which was two times higher from the present study. Ugochukwu and Agwu (1991) reported that the percentage frequency of isolation of different organisms in descending order of occurrence as follows: Staphylococcus 44.0%; Streptococcus 22.67%; Neisseria 12.00%; Pasteurella 10.67%; Pseudomonas 4.00%; Proteus 4.00% and Corynebacterium 1.33%, whereas the present study reveals that the dominancy of gram-positive bacilli, gram-negative bacilli, Staphylococcus SPP, and Pasteurella SPP. 

This study highlighted that, isolation of secondary bacterial infection in PPRV infected goat deviated from previous similar study. This difference might be due to geographical distribution (Radostits et al., 2000). Environmental variations (climate, weather, temperature, humidity etc.) are also a factor of consideration for this difference. We also think that frequent use of different types of antibiotics by unskilled doctors or owners for treating animal diseases could be developed resistance capability of organisms against drugs and persist in the body by several mechanisms that decline the killing power of various immune cells. 

The percentage and types of secondary bacteria isolated from PPR virus infected goats in Chittagong district might not be the representative of overall status of the Bangladesh. The growth and proliferation of various kinds of organisms in humid and coastal areas like Chittagong might be a consideration. This study also suggested that detection of specific bacterial pathogen from PPRV infected goat might be helpful to recover the animal from diseases as quickly as possible by applying selective and most appropriate antibiotics.
Chapter VI
CONCLUSION

PPR is one of the most common pathogen of the Black Bengal goats in Bangladesh. This study explored that, significant level of secondary bacteria always associated with PPR viral infection in goats. According to this study, in Chittagong region the significant associated  bacteria were Staphylococcus SPP., gram-positive bacilli, gram-negative bacilli and Pasteurella SPP. These findings will be helpful to the veterinarians for treating PPR infected goat, as there is no specific drug for this virus. With other supportive therapy, specific antibiotics against the secondary bacteria will recover the goats from PPR faster than treatment concerning only PPR virus.
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REFERENCES
Abu-Elzein, EME Housawi, FMT, Bashareek Y, Gameel AA, Al- Afaleq AI and Anderson EC (2004). Severe PPR infection in Gazelles kept under semi-free range conditions in Saudi Arabia. J. Vet. Microbiol. B 51 (2), 68–71.
Adekeye JO (1984). Studies on aerobic bacteria associated with ovine and caprine pneumonic lungs in Zaria, Nigeria Vet J.13(1), 5-8.
Alemu Yami, Merkel RC and Dawson L (2009). Ethiopia Sheep and Goat Productivity Improvement Program (ESGPIP) TECHNICAL BULLETIN No.20 Peste des Petits Ruminants (PPR).
Al-Tarazi YHM and Daghall GJK (1997). Nasal carriage of Pasteurella hemolytica serotypes by the sheep and goats in the Jordan. Trop Anim Heal Prod ; 29,177-179.
Anene BM, Ugochukwu EI and Omamegbe JC (1987). The appraisal of three different pharmaceutical regimes for the treatment of naturally occurring PPR in goats. Bulletin on Animal Health Proceedings 35: 1-3.
Barrett T, Romero CH, Baron MD, Yamanouchi K, Diallo A, Bostock CJ and Black B (1993). The molecular biology of rinderpest and peste des petits ruminants. Ann. Med. Vet. 137 (2): 77-85.
Braide VB (1981). Peste des petits ruminants. World anim. Review.39: 25-28.
Bundza A, Afshar A, Dukes TW, Myers DJ, Dulac-Susi G, Becker AWE (1988). Experimental PPR (goat plague) in Goats and sheep. Canadian J. Vet. Res. 52, 46-52.
Couacy-Hymann ERF, Bidjeh K, Angba A, Domenech J and Diallo A (1995). Protection of goats against rinderpest by vaccination with attenuated peste des petits ruminants virus. Res. Vet. Sci. 59: 106-109.
Cruickshank R (1970). Medical Microbiology. 11th Ed. The English Language Book Society E. and Livingston Ltd. pp. 236-240.
David BF (2006). Gram stain protocol. Hucker’s modification [Modified from C.R.C. Manual of Clinical Lab. Proc., 2nd Ed., pp.269 & 270 (1970).
Dhar P, Sreenivasa BP, Barrett T, Corteyn M, Singh RP & Bandhyay SK (2002). Recent epidemiology of PPRV. Vet Microbiol. 88: 153- 1590.
Diallo A (1990). Morbillivirus group: Genome organization and proteins. Vet. Microbiol. 23: 155-163.
Diallo A (2004). Vaccination for the Control of Peste des Petits Ruminants. In: Schudel A, Lombard M, editor. Control of Infectious Animal Diseases by Vaccination: 13–16 April 2004; Buenos Aires, Argentina. Bale: Karger. pp. 93–98.
Diallo A, Barrett T, Barbron M, Shaila MS and Taylor WP (1989). Differentiation of rinderpest and peste des petits ruminants viruses using specific cDNA clones. J. Virol. Meth. 23: 127-136.
Diop M, Sarr J and Libeau G (2005). Evaluation of novel diagnostic tools for peste des petits ruminants virus in naturally infected goat herds. Epidemiology and infection, 133: 4:711- 717.
Furley C, Taylor WP and Obi TU (1987). An outbreak of peste des petits ruminants in a zoological collection. Vet. Rec. 121: 443-447.
Gargadennec L and Lalanne A (1942). La peste des petits ruminants. Bulletin des Services Zootechniques, et des Epizooties de I' Afrique Occid ntale Francaise. 5: 16-21.
Gibbs EPJ, Taylor WP, Lawman MJP and Bryant J (1979). Classification of peste des petits ruminants virus as the fourth member of the genus morbillivirus. Intervirology. 11:268-274.
Islam MR, Giasiddin M, Rahman MM and Kafi MA (2003). Antibiotic combined hyperimmune serum therapy for peste des petits ruminants infected goats. Bangl. J. Vet. Medecine. 1 (1): 49-51.
Jensen B (1974). Diseases of sheep Lea and Febiger, Philadelphia, 171-178.
Lefever PC and Diallo A (1990). Peste des Petites Ruminants in goats in Rawalpindi. Pakistan Vet. J. 18: 224-226.
Murphy FA, Gibbs EPJ, Horzinek MC and Studdert MJ (1999). Classification and nomenclature of viruses. In: Veterinary Virology, 3rd Edn, Academic press, NewYork. pp 4-13.
Nanda YP, Chatterjee A, Purohit AK, Diallo A, Innui K, Sharma RN, Libeau G, Thevasagayam JA, Bruning A, Kitching RP, Anderson J, Barrett T, Taylor WP (1996). The isolation of peste des petits ruminants virus from northern India. Vet. Microbiol. 51. (3-4): 207-216.
Obi TU (1983). Studies on the epidemiology of PPR in Southern Nigeria, Tropical Veterinary; 1:209-217.
 Obi TU (1997). Non-parasitic livestock diseases in Nigeria; An overview, Paper presented at National Livestock diseases workshop. March 24-27, 1997, National Veterinary Research Institute, Vom, Nigeria .
Opasina BA, Putt SNH (1985). Outbreaks of peste des petits ruminants in village goat flocks  in Nigeria. Trop. Anim.Hlth. Prod. 17: 219 -224.
Ozkul A, Akca Y, Alkan F (2002). Prevalence, distribution, and host range of peste des petits ruminants virus, Turkey. Emerg Infect Dis. 2002 Jul; 8(7):708-12.
Radostits OM, Gay CC, Blood DC and Hinchcliff KW (2000). Veterinary Medicine, 9th Ed. W. B. Saunders Company Ltd. London. pp.563–565.
 Raji MA, Rodgers D, Natala AJ and Halle PD (1999). A survey of the aerobic bacterial agents associated with ovine pneumonia in Zaria, Kaduna State, Nigeria. Nigeria Veterinary Journal 20(1): 75-81.
Roeder PL, Abraham G, Kenfe G and Barrett T (1994). Peste des petits ruminants in Ethiopian goats. Trop. Anim. Hlth. Prod. 26 (2): 69-73.
Roeder PL, Ubi TU (1999). Recognizing Peste des petits ruminanants: A field manual. FAO Animal Health Manual, Vol. 5. pp. 28.
Scott GR (1981). Rinderpest and peste des petits ruminants. In : Gibbs, E.P.J. (Ed.). Virus Diseases of Food Animals, Vol.II, Disease monographs. Academic Press, New York. pp: 401-425. 
Scott GR (2000). Peste des petits ruminants and rinderpest. In: Martin W. B., and I. Aitken (ed), Diseases of Sheep, 3rd Ed, pp. 398. Blackwell Publishing, Oxford, UK.
Seifert HSH (1996). Tropical animal health, Kluwer Academic publishers, London.
Shaila MS, Shamaki D, Forsyth MA, Diallo A, Goatley L, Kitching RP and Barrett T (1996). Geographic distribution and epidemiology of peste des petits ruminants virus. Virus Res. 43 (2):149-53.
Sil BK, Taimur MJFA and Giasuddin M (2006). Combined Antibiotic Hyper Immune Serum Therapy (ACHST) for PPR. A Compendium of Livestock Technologies developed by Bangladesh Livestock Research Institute. BLRI publication No. 130. pp. 65.

Taylor WP (1984). The distribution and epidemiology of peste des petits ruminants. Preventive Veterinary Medicine. 2: pp: 157-166.
Taylor WP (1997). Report on the functioning of national disease reporting systems in some selected radiscon countries with emphasis on the epidemiology of rinderpest and peste des petits ruminants and their possible dissemination through livestock trade movements. Yemen, Eritrea, Ethiopia, Jordan, Syria, Turkey; November 29–December 31 1997; Radiscon. GCP/REM/059/IFA.
Ugochukwu EI and Agwu CO (1991). Aerobic Bacteria from nasal discharge of goats suffering from clinical PPR: Isolation and Idintification. Vol. 65, No. 263, pp. 81-85.

ANNEXURE-1
[image: image5.jpg]Viral surface
glycoproteins

(F&H) \

membrane
envelope

Viral matrix
protein (M)

Nucleocapsid
(N,P&L)

N P(CNV) M F




[image: image6.jpg]



[image: image7.jpg]


[image: image8.jpg]


[image: image9.jpg]


[image: image10.jpg]


[image: image11.jpg]



[image: image12.jpg]












Fig. Schematic representation of the experimental design.

ANNEXURE-2
Pictures

         a) Diarrhea and nasal discharge
                           b) Stomatitis

Fig: Clinical signs of PPR in Black Bengal goat 

a) Bacterial colonies on Mueller-Hinton agar       b) Bacterial colonies on Calves’ 
                                                                                    Blood agar. 
Fig: Media for Bacteria.

                    a) Staphylococcus spp.
                         b) Gram-negative bacilli.


                      c) Gram-positive bacilli.                               d) Pasteurella spp.
Fig. Bacteria under Microscope
ANNEXURE-3 

Questionnaire

Date:                                                                                                             Sample no:

1. Name of the owner of goats------------------------------------------------------------------

2. Age of goats------------------------------------------------------------------------------------

3. Sex of goats------------------------------------------------------------------------------M/F

4. Breed of goats (Black Bengal goat)-----------------------------------------------Yes/No

5. Date of clinical onset----------------------------------------------(From clinical history)

6. Date of come up to hospital for treatment-------------------------------------------------

7. Any drugs applied before-----------------------------------------------------------Yes/No

If yes, which drugs and what duration? ---------------------------------------------------

8. Clinical syndromes recorded:

Temperature---------------------------------------------------------------------°F

Diarrhoea-------------------------------------------------------------------Yes/No

Lethargy--------------------------------------------------------------------Yes/No

Dyspnoea-------------------------------------------------------------------Yes/No

Others--------------------------------------------------------------------------------

9. History of Treatment (Which antibiotic was given and for what duration?)-------------------------------------------------------------------------------------------------------------

10. Other supportive treatments--------------------------------------------------------------------------------------------------------------------------------------------------------------------

Signature and date of Research Associate

---------------------------------------------------

Figure  01: PPR Virus structure
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