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Peste des Petits Ruminants (PPR) is a severe contagious viral disease affecting small ruminants such as goat and sheep. The causative agent of PPR is a Morbillivirus which is enveloped having non-segmented single stranded RNA genome of negative polarity belonging to the family Paramyxoviridae. Clinically, the disease is suspected by severe diarrhoea, dehydration, respiratory distress, nasal and ocular discharges. The disease in goats is more severe than in sheep and mortality in goats due to PPR may reach up to 90%. Peste des Petits Ruminants virus is known to cause immuno-suppression in goats, rendering the animals more vulnerable to become infected with opportunistic organisms. Thus survivability in PPRV-infected goats, to a greater extent, is linked to the concomitant bacterial infections which can be treated with effective antimicrobials if their identity and prevalence are known. To have information on survivability in Black Bengal goats, naturally infected with PPRV along with the organisms causing probable concomitant infections in them - passed through 4 therapeutic regimens at the Chittagong Veterinary and Animal Sciences University (CVASU) veterinary hospital, 100 PPR-affected goats were investigated between May 2009 and April 2010. The disease was confirmed in laboratory by agar gel precipitation test (AGPT) using extracts from nasal swabs of live animals and lymphnode or spleen tissue- homogenates of necropsied animals as sources of PPRV-antigen, and locally raised hyper immune PPRV antiserum in healthy goat as a source of antibodies. Nasal swabs and blood collected from these goats were investigated by standard bacteriological procedures for the presence of probable concomitant organisms. For survivability, goats were observed for 14 days from the day of clinical-onset of PPR. Additionally, differential counts of leukocytes in these animals were also done. Of the observed PPR cases 56% of the goats were <1 year of age with the male and female proportions of 53 vs 47, respectively. Neutrophils and monocytes counts were significantly higher in PPRV infected goats belonging to the two age groups: < 1 year and > 1 year compared with healthy ones of the same age groups (p<0.05). However, in contrast, lymphocytes counts were lower in these PPRV infected goats (p<0.05). PPR affected goats were divided into 4 groups based on the treatments they had been received from the CVASU teaching veterinary hospital: Group I (treated with sulfur drugs), Group II (treated with amoxicillin), Group III (treated with strepto-sulfa preparations) and Group IV (treated with aminoglycoside such as gentamicin). Staphylococcus SPP. and Pasteurella multocida were the predominant organisms isolated from the PPRV infected goats. Regardless of treatment differences, survivability in PPR affected goats was 70% (95% confidence interval [CI] 58-79%). The survivability in goats belonging to treatment group IV was 86 % (95% CI 66-94%) which was significantly higher than that of group I and III (P=0.052). Counts for none of the members of leukocytes had any influence on the survivability of PPRV-infected Black Bengal goats (P>0.05).  
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CHAPTER 1

INTRODUCTION

Peste des Petits Ruminants (PPR) is a highly contagious disease causing varying degree of morbidity and mortality in susceptible animals (Radostits et al., 2000). It is an important viral disease of goats and sheep, first described by Gargadennec and Lalane (1942) from Ivory Coast in West Africa. The disease is characterized by high fever, ocular and nasal discharge, pneumonia, necrosis and ulceration of the mucous membrane and inflammation of gastro-intestinal tract leading to severe diarrhoea (Gibbs et al., 1979). Morbidity and mortality rates can be as high as 100 and 90%, respectively (Abu-Elzien et al., 1990). 

Causative agent of this economically important disease is a Morbillivirus, the Peste des Petits Ruminants Virus (PPRV), under the family Paramyxoviridae. Like all members of the family, the PPRV is an enveloped pleomorphic particle of size between 150 and 390 nm (Durojaiye et al., 1985) containing non-segmented single stranded RNA genome of negative polarity. The genome of attenuated vaccine strain of PPRV (Nigeria 75/1) was sequenced entirely and the physical map of the genome is the same as that of the other Morbilliviruses (Rima et al., 1986; Diallo, 1990).

[image: image5.emf]Young animals of 4 - 8 months of age are severely infected with the virus with a higher mortality. Both field and laboratory observations indicated that PPR was less severe in sheep than in goats. Nevertheless, field outbreaks have been reported in the humid zones of West Africa in which no distinction could be made between the mortality rates in sheep and goats. Poor nutritional status, stress of movement, and concurrent parasitic and bacterial infections enhance the severity of clinical signs (Taylor, 1984).

Clinically the disease might be suspected with the presence of so called “3D syndrome”: diarrhea, dyspnoea and death. There are different virological, serological and molecular tools reported for the laboratory diagnoses of PPR. Among them, Agar Gel Precipitation Test (AGPT) test can be applied with the involvement of minimal biologics: nasal swabs as a source of antigen and serum from a hyper-immunized goat with a PPR vaccine as a source of antibodies. The sensitivity and specificity of AGPT test are also high (OIE Manual, 2008). 
The severity of PPR and the mortality in goats depend on many factors mentioned earlier. The most important factor is the concomitant infection that targets particularly the respiratory system, developing pneumonia in the immuno-compromised goats. The survival time in Black Bengal goats, naturally infected with PPRV has not reported before. Survivability might increase if the concurrent bacterial infections are interfered by some therapeutic means. The choice of antibiotics is linked to the identity of the bacterial agents frequently exacerbate PPR in Black Bengal goats. Not knowing the prevalent bacterial agents to cause concomitant infections in PPR-affected goats in Bangladesh, the teaching veterinary hospital at CVASU has been treating PPRV-infected goats by applying a few therapeutic regimens. It is important to know which of them increase the survivability.

[image: image6.emf]Blood constituents, particularly, differential counts of leukocytes might have some influence on the survivability of goats naturally infected with PPRV. The contributory roles of different therapeutic options on differential counts of leukocytes in PPRV-infected goats can not be entirely ruled out. 
With the background mentioned above this study was undertaken with the following specific objectives:
a. to study the survivability of Black Bengal goats, naturally infected with PPRV
b.  to identify the concomitant organisms associated with PPRV infected Black Bengal goats registered to the teaching veterinary hospital at CVASU
c. to verify the relationship of differential counts of leukocytes with the survivability of Black Bengal goats, naturally infected with PPRV
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CHAPTER 2

REVIEW OF LITERATURE
2.1. HISTORY OF PPR 

PPR is one of the major threats to about 200 million small ruminant population of the country. The natural disease affects mainly goats and sheep. It is usually more severe in goats where it causes high morbidity and mortality and is only occasionally severe in sheep (Raghavendra et al., 2000). 
In Bangladesh, the first outbreak of PPR occurred in the eastern district of Meherpur in 1993 which then spread to other districts causing havoc to goat population. In epidemic areas, the morbidity rate of the disease was found to reach around 100% with a mortality rate of about 80% (BLRI, 2006).
PPR was first reported from West Africa in the early 1940s and later recognized as an endemic disease in West and Central Africa (Anderson and McKay, 1994). It has been reported in Sudan, Kenya, Uganda and in Ethiopia (Elhag Ali and Taylor, 1984; Wosu, 1994). In addition, the disease was reported in most of the countries of the Arabian Peninsula and the Middle East (Taylor, 1997; Lefe`vre et al., 1991; AL-Afaleq et al., 2004). Many outbreaks were reported in the Indian subcontinent (Singh et al., 2004). 
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PPR was isolated from an outbreak of Rinderpest like disease in Indian buffaloes in 1995 (Govindarajan et al., 1997). PPRV was also suspected to be involved in the epizootic disease that affected single humped camels in Ethiopia in 1995–1996 (Roger et al., 2000; Roger et al., 2001). 
Both experimental and natural infections of PPRV have been reported in wild ruminants (Hamdy and Dardiri, 1976; Furley et al., 1987). Experimentally, sub-clinical infection in pigs has also been demonstrated (Nawathe and Taylor, 1979). The clinical disease resembles Rinderpest in ruminants which are acute, and after an incubation period of 3-6 days, the clinical symptoms become apparent which include high rise of temperature, oral and ocular discharges, necrotic stomatitis, severe pneumonia, dyspnoea, coughing, enteritis, severe diarrhoea followed by death (Roeder and Obi, 1999; Pawaiya et al., 2004). 
The first outbreak of the disease in sheep and goats in Sudan was in three areas in south Gedarif (Eastern Sudan) in 1971 (Elhag Ali, 1973); it was firstly diagnosed as rinderpest and later confirmed to be PPR (Elhag Ali and Taylor, 1984). The disease was then reported in two caprine outbreaks in Central Sudan (Sinnar area) during 1971-1972 and in Mieliq in 1972; in sheep in Western Sudan (Rasheed, 1992); in sheep and goats in Central Sudan (Hassan et al., 1994); in sheep and goats in Khartoum State (Zeidan, 1994; El Amin and Hassan, 1998). PPR was detected and isolated from different parts of Sudan [Gezira State, White Nile State (Central), Khartoum state, North Kordofan State (Western) and River Nile State (Northern)] during 2000- 2002 (Intisar, 2002). 
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Khalafalla et al. (2005) reported a new emerging respiratory disease of camels in Eastern Sudan during Sep. 2004; PPR antigen was detected using cELISA and PCR, PPR was supposed to be the main causative agent of that outbreak. The existence of Peste des petits ruminants has been recognized in Pakistan since 1991 (Amjad et al., 1996) as epidemic in Punjab Province (Athar et al., 1995). The presence of PPR virus in Pakistan was demonstrated by many other workers (Tahir et al., 1998; Hussain et al., 1998).

2.2. ETIOLOGY OF THE DISEASE 

The etiological agent, Peste des Petits Ruminants virus (PPRV) has been classified under Order Mononegavirales, family Paramyxoviridae and Genus Morbillivirus (Murphy et al., 1999). Similar to other Morbilliviruses, PPRV is fragile and it can not survive for long time outside the host. Its half life has been estimated to be 2.2 minutes at 560 C and 3.3 hours at 370C (Rossiter and Taylor, 1994). The virus is closely related to Rinderpest virus (RPV), another member of Morbillvirus genus, which causes similar disease in large ruminants (Anderson et al., 1990; Couacy-Hymann et al., 1995). The virus is also serologically related to Measles and Canine distemper virus (Gibbs et al., 1979). A varying degree of cross protection in vivo and serological relationship is known to exist between PPR and RP viruses (Hamdy et al., 1976; Taylor and Abegunde, 1979). 

2.3. PROPERTIES OF THE PPR VIRUS
The virus particle is pleomorphic with a diameter of intact particles varying between 130-390 nm. The virus has an envelope of 8-15 nm thickness with spikes of 8.5-14.5 nm length. The herring bone like ribonucleoprotien strands measure approximately 14-23 nm in thickness (Durojaiye et al., 1985). Genome of PPR virus is non-segmented single stranded RNA of negative polarity.
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The genome sequence is divisible by six, a feature shared with other Paramyxoviridae (Calain and Roux, 1993). The exact length of Morbillivirus genomes differs owing to a variable size of the junction between the M and F genes, but not because of varied protein lengths. This junction has a particularly high GC (guanine-cytosine) content (65%) but no obvious role in replication has been shown (Liermann et al., 1998; Radecke et al., 1995).

Nucleocapsid (N) protein: The N protein was the most abundant viral protein both in the virion and in infected cells (Diallo et al., 1987). It is directly associated with the RNA genome to form the typical herring bone structure of Morbillivirus nucleocapsids. There was a single transcription promoter at the 3© end, upstream to the first codon of the N gene, including the non coding part of the N gene and a 52-56 bases leader sequence (Billeter et al., 1984; Crowley et al., 1988; Ray et al., 1991). Various roles have been proposed for the leader RNA, including RNA binding site for the polymerase to initiate and generate positive strand RNA replication (Norrby and Oxman, 1990; Walpita, 2004), and down regulation of host cell transcription (Ray et al., 1991).

P protein: The P protein of Morbilliviruses interacts with both the N and L proteins to form the viral polymerase. The N terminus of V is identical to P but polymerase slipping at the editing site can result in a frame shift whereby an inserted G residue in the mRNA directs the production of an alternative C terminus (Cattaneo et al., 1989; Wardrop and Briedis, 1991; Mahapatra et al., 2003). The hexamer phasing of the P gene editing site is also thought to play a critical role in this process (Kolakofsky et al., 1998).
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C and V protein: The C and V proteins of Paramyxoviruses, although essentially non-structural, have been shown to have critical roles in infection. In RPV they were shown to be important for replication (Baron and Barrett, 2000). The C and V proteins of Paramyxoviruses also act as interferon antagonists, modifying the cellular immune response to infection (Gotoh et al., 2001; Horvath, 2004).

M protein: The Matrix (M) proteins are basic membrane associated molecules that interact with surface glycoproteins in the lipid envelope. A small protein with such a critical role is likely to be intolerant to variation, especially within a genus whose members are antigenically so similar. It is a non-glycosylated envelope protein thought to be involved in nucleocapsid-envelope recognition and envelope formation during the budding process of virions from the host cell membrane (Kingsbury, 1990). M interacts with both the nucleocapsid and the cytoplasmic tails of the F and H glycoproteins.

F protein: The F protein is also highly conserved. Paramyxoviruses generate an inactive precursor (F0) which is cleaved by host cell enzymes to yield an active disulphide linked protein F1–F2 and the cleavage site was also conserved (Lamb and Kolakofsky, 2001). The F protein is one of two glycosylated envelope proteins that constitute the peplomers or surface projections. Synthesized as a precursor, F0 is subsequently cleaved by cellular proteases into two disulfide-linked polypeptides, F1 and F2 (Sato et al., 1988). Proteolytic cleavage is believed to be essential for F protein biologic activity.

H protein: The H protein is responsible for attachment of the virus to the host cell (Choppin and Scheid, 1980; Lamb and Kolakofsky, 2001). The biological activity of the H protein is one of the criteria for classification of Paramyxoviridae. H proteins are highly variable (Blixenkrone- Moller et al., 1996). 
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L protein: The large (L) protein is the enzymatic component of the viral transcriptase and replicase. The L proteins are multi-functional and, in addition to their polymerase activity, have methylation, capping and polyadenylation activities (Lamb and Kolakofsky, 2001). Morbillivirus L proteins have three highly conserved domains (designated A, B and C), separated by two hinge regions which vary greatly between Morbilliviruses (Mcllhatton et al., 1997). 
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Figure 1: Genome of Morbilliviruses (image, anonym)
2.4. EPIDEMIOLOGY AND GEOGRAPHIC DISTRIBUTION
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PPR was first described in Côte d’Ivoire (Gargadennec and Lalanne, 1942) and thereafter, it has been recognized in many of the sub-Saharan countries that lie between the Atlantic Ocean and the Red Sea (Lefevre and Diallo, 1990). The affected area extends north to Egypt and south to Kenya, in Eastern-Africa, and to Gabon, in Western-Africa. PPR has not been recognized in most of Northern and Southern- Africa. In 1998, serological survey in the United Republic of Tanzania did not detect any antibodies to PPR suggesting that infection has not extended that far to the south. PPR is present in nearly all Middle Eastern countries up to Turkey (Furley et al., 1987; Lefèvre et al., 1991; Perl et al., 1994; Taylor et al., 1990, Ozkul et al., 2002). It was also widespread in India and southwest Asia (Shaila et al., 1989). 

Presently, PPR occurs in most African countries situated in a wide belt between the Sahara and equator, the Middle East (Arabian peninsula, Israel, Syria and Jordon) and the Indian subcontinent. Outbreaks of PPR are now known to be common in India, Nepal, Bangladesh, Pakistan and Afghanistan (Abdollahpour et al., 2006). It still causes serious economic losses (Diallo, 2003) and remains a major constraint on the development of small ruminant farms in these countries. PPR is considered to be one of the main constraints to improve productivity of small ruminants in the regions where it is endemic.

Major outbreaks in Turkey and India in recent years have indicated a marked rise in the global incidence of PPRV (Bailey et al., 2005). It is of great economic importance on the basis of mortalities, morbidity, losses through body wastage, poor food efficiency, loss of meat, milk and milk products and offspring. A consequence of this high mortality was the inclusion of PPR in the list A of the former animal disease classification of the OIE, the world organization for the Animal health. In the new OIE classification it is included in a group of economically important animal diseases, which must be notified to the Organization in all the regions where PPR is endemic. Although nationwide sero-surveys have been conducted in countries such as the sultanate of Oman, Turkey, Jordan and India, information on the frequency and distribution of PPR is often lacking when control or eradication campaigns are initiated (Ozkul et al., 2002; Singh et al., 2004).

Hegde et al. (2009) showed that incidences were highest during the rainy season and in the dry agro-climatic zones. Environmental factors also influenced disease occurrence. 
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In India, PPR was first reported in 1987 from Arasur village in the Villapurum district of Tamilnadu, South India (Shaila et al., 1987). Since, its first reported occurrence in 1987, PPR was thought to be restricted to southern India up to 1993, after which the epidemics of PPR swept away large number of small ruminants from Northern India (Nanda et al., 1996). Now the disease has spread all over India. In Gujarat, incidence of PPR was reported by various workers, namely, Hinsu et al. (2001), Tiwari (2005), Nagraj (2006), Sannat (2006). 
Although, there is only one serotype of the virus (Barrett et al., 1993), PPRV isolates on the basis of partial sequence analysis of the fusion (F) protein gene, can be grouped into four distinct lineages (Kwiatek et al., 2007). Lineage 1 and 2 are found exclusively in West Africa, whereas lineage 3 is found in Eastern Africa and Arabia. The fourth lineage is confined exclusively in the Middle East Arabia and Indian subcontinent (Shaila et al., 1996). Excepting isolate (TN92/1) from southern India, that belonged to lineage 3, all Indian PPRV isolates identified so far belonged to lineage 4 only (Nanda et al., 1996; Dhar et al., 2002). 
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Figure 2: Geographic distribution of PPRV lineages (Dhar et al., 2002)
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Figure 3: Phylogenetic relationships of the Peste des Petits Ruminants virus isolates based on (F) protein gene (Ozkul et al., 2002)
2.5. HOST RANGE OF PPRV
PPR in sheep and goats, the mainstay of subsistence farming in the developing world can cause mortality rates of 50-80 % in naïve populations. Antelope and other small wild ruminant species can also be severely affected (Abu Elzein et al., 2004). A case of clinical disease has been reported in wildlife resulting in deaths of gazelles (Gazella dorcus), ibex (Capra ibex nubiana), gemsbok (Oryx gazelle) and Laristan sheep (Ovis orientalis laristanica). American white tailed deer (Odocoileus virginianus) can be infected experimentally (Hamdy and Dardiri, 1976). 

Cattle, buffaloes, camels and pigs can become infected but there is little or no evidence of disease associated with their infection. PPRV antigen has been detected in an outbreak of respiratory disease in camel and sick domestic buffaloes (Taylor et al., 1990; Scott, 2000; Abraham et al., 2005). In addition, PPRV is considered as a serious predisposing factor for respiratory disease complex in sheep and particularly in goats (Taylor et al., 1990; Baily et al., 2005). 
Considering the immunosuppressive effect of PPRV as all other Morbilliviruses, it may therefore be possible, depending on the age and physical state of the host animal, that PPRV can occasionally overcome the innate resistance of large ruminants and lead to the development of clinical signs similar to Rinderpest. This may explain the disease signs that had occurred in buffalo and camels following PPRV infection. This ability of PPRV to infect large ruminants could pose a serious threat to cattle populations in PPR endemic areas which, with the success of the global Rinderpest eradication programme, are no longer vaccinated against Rinderpest and so do not possess cross protective immunity against this virus (Chauhan et al. 2009). 
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Some epizootics are associated with changes in weather, such as the beginning of the rainy season or a cold, dry period. In endemic regions, animals between three months and two years of age are most severely affected; young animals that are still nursing and older animals tend to be spared (CFSPH, 2008). 

2.6. TRANSMISSION OF PPRV

PPRV is transmitted by direct contact with secretions and excretions of infected animals. It is highly contagious and all discharges can carry virus. Substantial quantities of virus are found in ocular nasal or oral secretions of sick goats and in the faeces late in disease. Since the virus is enveloped, it is extremely sensitive to inactivation by environmental factors such as heat, sunlight and chemicals. It, therefore, require close contact with an infected animals for successful transmission. Pigs undergo silent infection by contact with infected goats but are unable to transmit the virus and are not regarded as important in the epidemiology of PPR (Nawathe and Taylor, 1979). Cattle may be infected without showing any clinical signs on experimental inoculation (Taylor and Abegunde, 1979). 

The disease is transmitted by aerosols between animals living in close contact. (Lefevre and Diallo, 1990) and substantial amount of virus is known to be present in the ocular and nasal secretions, as well as faeces of the infected animals (Taylor, 1984).

2.7. PATHOGENESIS OF PPR 
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Scott (1981) stated that PPR virus, like other Morbilliviruses, is lymphotropic and epitheliotropic. 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.
2.8. CLINICAL SIGNS OF PPR

Forsyth and Barret (1995) reported that, the incubation period is about four days and the disease is particularly in young animals. Affected goats exhibit fever, dry muzzle and a serous nasal discharge which become mucopurulent. Erosions on the mucous membrane of the buccal cavity are accompanied by marked salivation. Ulcers develop in the mucosae of the alimentary, respiratory and urinary tracts. Conjuctivitis with ocular discharge is a feature of the disease. A profuse diarhhoea, which results in dehydration, develops within days of infection. Signs of tracheitis and pneumonia are common. There is a severe leucopenia which facilitates secondary bacterial infection. Pulmonary infections caused by Pasteurella species are common in the later stages of the disease. Pregnant animals may abort. Mortality rates in severe outbreaks often exceed 70 % and actually affected goats may die within ten days of exposure to the virus.
[image: image22.jpg]


Clinical signs of PPR have been well documented (Hamdy et al., 1976; Obi, 1984; Lefèvre, 1987; Taylor, 1984; Bundza et al., 1988; Roeder et al., 1994; Roeder and Obi, 1999). 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 as a result of secondary bacterial infection. Appearance of a serous to muco-purulent 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 (Brown et al., 1991; Bundza et al., 1988). 
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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, pin-point, greyish 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 together. The lining of the mouth is changed in appearance. It becomes pale and coated with dying cells and, in some cases; 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.
Diarrhea commonly appears about two to three days after the onset of fever although, and death is usually preceded by pneumonia (Hamdy et al., 1976) 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.
2.9. PATHOLOGICAL LESIONS OF PPR

2.9.1. Post mortem findings 

Chauhan et al. (2009) revealed that, 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 esophagus. 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. The pathology caused by PPR is dominated by necrotizing and ulcerative lesions in the mouth and the gastro-intestinal tract (Roeder et al., 1994). Erosion in the oral cavity is a constant feature.
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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 anteroventral areas, and is characterized by consolidation and atelectasis.

The mouth lesions were present in all of the animals except those that died within 1-2 days of appearance of disease. Even the vaccinated animals at the organized sheep breeding farm had lesions on tongue. Lungs in all the animals showed congestion and consolidation but hydrothorax was recorded in few cases only. No animal had any kind of lesion in abomasums (Kumar et al., 2001) and heavy haemorrhages in large intestines (Singh et al., 1996) were not observed in any of the animals.
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The haemorrhages recorded on the luminal wall of gall bladder in the present outbreak in some cases has not been reported to the best of our knowledge but presence of thick granular bile had been reported (Shaila et al., 1996). The necrotic foci in liver of some animals could have developed due to some secondary bacterial infection of haematogenous route. Though the types of lesions were more or less similar in all the animals but there was variation in the severity and involvement of the organs.

2.9.2. Histopathology 
PPR virus causes epithelial necrosis of the mucosa of the alimentary and respiratory tracts marked by the presence of eosinophilic intracytoplasmic and intranuclear inclusion bodies. Multinucleated giant cells (syncytia) can be observed in all affected epithelia as well as in the lymph nodes (Brown et al., 1991). In the spleen, tonsil and lymph nodes, the virus causes necrosis of lymphocytes evidenced by pyknotic nuclei and karyorrhexis (Rowland et al., 1971). 

Brown et al. (1991) using immunohistochemical methods detected viral antigen in both cytoplasm and nuclei of tracheal, bronchial and bronchio-epithelial cell, type II pneumocytes, syncytial cells and alveolar macrophages. Small intestines are congested with lining haemorrhages and some erosion. Large intestines (caecum, colon and rectum) have small red haemorrhages along the folds of the lining, joining together as time passes and becoming darker, even green/black in stale carcasses.

2.10. IMMUNITY 

[image: image26.jpg]


The surface glycoproteins hemagglutinin (H) and fusion protein (F) of Morbilliviruses are highly immunogenic and confer protective immunity. PPRV is antigenically closely related to rinderpest virus (RPV) and antibodies against PPRV are both cross-neutralizing and cross protective (Taylor, 1979). A vaccinia virus double recombinant expressing H and F glycoproteins of RPV has been shown to protect goats against PPR disease (Jones et al., 1993) though the animals developed virus-neutralizing antibodies only against RPV and not against PPRV. Capripox recombinants expressing the H protein or the F protein of RPV or the F protein of PPRV conferred protection against PPR disease in goats, but without production of PPRV-neutralizing antibodies (Romero et al., 1995) or PPRV antibodies detectable by ELISA (Berhe et al., 2003).

Sinnathamby et al. (2001) reported that, goats immunized with a recombinant baculovirus expressing the H glycoprotein generated both humoral and cell-mediated immune responses.  The responses generated against PPRV-H protein in the experimental goats are also RPV cross-reactive suggesting that the H protein presented by the baculovirus recombinant ‘resembles’ the native protein present on PPRV. Lymphoproliferative responses were demonstrated in these animals against PPRV-H and RPV-H antigens. N-terminal T cell determinant and a C-terminal domain harboring potential T cell determinant(s) in goats was mapped. Though the sub-set of T cells (CD4+ and CD8+ T cells) in PBMC that responded to the recombinant protein fragments and the synthetic peptide could not be determined, this could potentially be a CD4+ helper T cell epitope, which has been shown to harbor an immunodominant H restricted epitope in mice.
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Identification of B- and T-cell epitopes on the protective antigens of PPRV would open up avenues to design novel epitope based vaccines against PPR. Sheep and goats are unlikely to be infected more than once in their economic life (Taylor, 1984). Lambs or kids receiving colostrum from previously exposed or vaccinated with RP tissue culture vaccine were found to acquire a high level of maternal antibodies that persist for 3-4 months. The maternal antibodies were detectable up to 4 months using virus neutralization test compared to 3 month with competitive ELISA (Libeau et al., 1992). Measles vaccine did not protect against PPR, but a degree of cross protection existed between PPR and canine distemper (Gibbs et al., 1979).

2.11. SURVIVABILITY RATE OF GOAT HAVING PPRV INFECTIONS

The severity of the disease varies with the host’s species, immunity and breed. Clinical signs are reported to be more common in goats than sheep in Africa, but the opposite has been reported in some parts of Asia. Breed differences are also seen: some isolates can affect one breed of goats severely, while causing mild disease in another. The morbidity and mortality rates can reach 100%, particularly in naïve herds; however, these rates tend to be lower in endemic areas and the reported mortality rates in some individual flocks are as low as 20%.  Morbidity and mortality can be as high as 100% and 90%, respectively. When associated with other diseases such as capripox, mortality can be 100% (Dhar et al, 2002).

PPR is considered as a major cause of mortality in small ruminants, flock mortalities >80% have been recorded (Shaila et al. 1989). The mortality in small ruminants can be reduced by more than half if the animals are vaccinated using the bovine tissue-culture rinderpest vaccine (TCRV) (Taylor, 1979).
The mortality is usually low in endemic areas, but when associated with other diseases such as capripox, it can approach 100% (Kitching, 1988).

Lefevre and Diallo, (1990) reported that, the prognosis of acute PPR is usually poor. The severity of the disease and outcome in the individual is correlated with the extent of 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 an unpleasant, fetid odor from the animal's breath. A morbidity rate of 80-90% and a case fatality rate of 50-80% are common in goats.
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Zahur et al. (2009) reported that, the overall morbidity, mortality and case fatality rates were 41.0, 1.2 and 3.0%, respectively on epidemiological investigations during an outbreak of Peste des Petits Ruminants (PPR) in Afghan (Bulkhi) sheep in Pakistan. 

2.12. CHANGES OF BLOOD CONSTITUENTS IN PPR AFFECTED GOATS

Kaneko et al. (1997) stated that, haematological and blood biochemical measurements may vary depending on factors such as sex, age, weather, stress, season, pregnancy status and physical exercise. The severe dehydration in the affected animals was evidenced by increased viscosity and specific gravity which led to polycythaemia (Bhikane et al., 1997). Severe leucopoenia could have been due to the inhibition of peripheral blood lymphocytes proliferation by PPR virus (Heaney et al., 2002). A marked lymphocytopoenia, monocytopoenia, neutrophilia and eosinopoenia in present investigation could have been due to the combined effect of virus infection and stress as evidenced by elevated cortisol levels (Kataria and Kataria, 2004).
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Anil et al. (2007) reported that, the increased mean values of sodium and potassium reflected haemo-concentration. The total serum protein values decreased but globulin concentration increased indicating immune response towards infection. The higher globulin concentration was achieved at the expense of compensatory fall in albumin levels. Serum cortisol was recorded higher in PPR affected stock indicating stress. Cortisol causes increase in blood glucose levels due to glycogenolytic property but in present investigation, decreased glucose levels could have been due to animals not being fed since the onset of infection. The higher levels of cortisol causing muscle wasting resulted in increased serum creatinine levels and an increased urea concentration reflected protein breakdown and haemo-concentration simultaneously.
2.13. CONCOMITANT INFECTION WITH PPR

Pneumonia is usually a very obviously presented sign in PPR. Pneumonic pasteurellosis is a purely respiratory disease of sheep and goats caused by the bacterium Pasteurella haemolytica. There is staphylococcal infection found in several bacteria found with the cause of PPRV in goats.
Obi et al. (1983) showed that, the most significant bacteria associated with PPR infected goats were Pasteurella haemolytica, Klebsiella sp., Pseudomonas aeruginosa and Staphylococus pyogenes from the lungs, Salmonella sp. and E. coli from the faeces, Moraxella bovis from the eyes and Staphylococcus pyogenes from the oral cavity.
Zamri-Saad et al. (1996) reported that pneumonic pasteurellosis has been established in goats thorugh harvesting of Pasteurella multocida from pneumonic lungs of goats (types A and D). Pasteurella multocida type D produced significantly (P < 0.01) more severe lesions when compared with other isolates.
Pasteurella spp. is as a primary pathogen for inducing pneumonia after virus and mycoplasma infections (Timoney et al., 1988). The disease is as high as 80% mortalities and is associated with decreased performance and product Pasteurella multocida is part of the commensal flora in the upper respiratory tract and induces disease if it is toxigenic (Eisenstein, 1990).
2.14. DIAGNOSIS OF PPR
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Confirmatory diagnosis of PPRV relies on laboratory techniques such as virus isolation, demonstration of PPRV antigen, viral nucleic acid and specific antibodies. The techniques available to differentiate PPR from RP are virus neutralization test, cDNA probes (Diallo et al., 1989), Virus specific monoclonal antibodies in an immunocapture enzyme linked immunosorbent assay (ELISA) (Libeau et al., 1994), Sandwich ELISA, PCR (Forshyth and Barrett, 1995) and haemagglutination using piglet or chicken (Shaila et al., 1996) red blood cells. Similarly PPRV antibodies can be differentiated from RP antibodies by competitive ELISA (Libeau et al., 1995) and serum neutralization (Diallo et al., 1995) test. cELISA is rapid, sensitive and specific and most commonly used technique. RT-PCR test can be used as routine diagnostic tool for PPR diagnosis, which has good correlation with virus isolation (Brindha et al., 2001).

PCR in combination with nucleotide sequencing has made it method of choice for molecular characterization of viruses (Diallo, 1990). Sequence analysis provides new insights into the interrelationship among lineages, members of the same genus and also with the members of other genus within the family. Therefore, it has become an important tool, not only in structural, but also in functional characterization of viruses. 
2.14.1. Virus isolation

Samples for virus isolation include heparinized blood, eye and nasal swabs (from live animals), tonsil, mesenteric lymph nodes, spleen, section of colon and lung. For successful isolation, samples must be collected during the hyperthermic phase (Lefèvre, 1987) and submitted to the testing laboratory in cold ice. The most widely used cell culture systems are primary lamb kidney and ovine skin (Gilbert and Monnier, 1962; Laurent, 1968; Taylor and Abegunde, 1979) and Vero cells (Hamdy et al., 1976).
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The sensitivity of virus isolation technique could be increased when the virus is grown in lamb and goats kidney cells (Taylor, 1984). Vero cells are however widely used for their continuity and low liability of contamination. PPRV has also been adapted to grow in other continuous cell lines including BHK-21 (Lefèvre, 1987). Vero cells, derived from African green monkey kidney are currently the most widely used cell line for PPRV and RPV. A culture of Vero cells from American type cell culture (ATCC) was found to yield very high titres and is currently used in many laboratories working on PPRV and RPV. Appearance of cytopathic effects (CPE) may require at least 8-10 days or several blind passages. In Vero cells, the cytopathic effects (CPE) produced by PPRV consist of cell rounding, clumping into typical grape-like clusters, formation of small syncytia and appearance of long fine often anastomosing “spindle cells” (Hamdy et al., 1976). 

Like other Morbilliviruses, PPRV produces eosinophilic intracytoplasmic and intranuclear inclusion bodies both in primary cells (Laurent, 1968) and continuous cell lines (Hamdy et al., 1976). T-lymphoblast cell line transformed by Theileria parva proved to be more sensitive when compared to other cell culture and gave a result within 24 hours (at least 6 days for other cell culture) for both PPRV and RPV (Rossiter, 1994). Once isolated in cell culture, a candidate PPRV may be identified by one of the three procedures:

· Animal inoculation: PPR causes clinical disease in goats and sheep but not in cattle (Gibbs et al., 1979);

· Reciprocal cross neutralization (differential neutralization): PPRV is neutralized by both PPR and RPV reference sera, but is neutralized at greater titre with the homologous serum (Taylor and Abegunde, 1979; Taylor, 1979);

· Molecular techniques: cDNA probe, (Diallo et al., 1989; Pandey et al., 1992), electrophoretic profile in polyacrylamide gel (PAGE) (Diallo et al., 1987) and PCR, (Barret et al., 1993; Couacy-Hymann et al., 2002).
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2.14.2. Antigen detecting methods:

2.14.2.1. Agar Gel Immunodiffusion Test

Agar gel immunodiffusion test (AGID) is widely used and can detect 42.6% of antemortem specimens and necropsy specimens (Obi, 1984; Abraham and Berhan, 2001). It can be used to test the presence of both antigen and antibodies and can give results within 2-4 hours when RP hyperimmune serum is used while it needs 4-6 hours with PPR hyperimmune serum (Obi, 1984). One of the important advantages of this test that it is highly specific (92%), though it can not differentiate between PPR and RP. Usually, 1–3 precipitin lines will develop between the serum and antigens within 18–24 hours (Durojaiye et al., 1983). These are intensified by washing the agar with 5% glacial acetic acid for 5 minutes (this procedure should be carried out with all apparently negative tests before recording a negative result). Positive reactions show lines of identity with the positive control antigen.

Results are obtained in one day, but the test is not sensitive enough to detect mild forms of PPR due to the low quantity of viral antigen that is excreted.

2.14.2.2. Hyperimmune serum:

Standard antiserum is made by immunising sheep with 5 ml of PPR virus with a titre of 104 TCID50 (50% tissue culture infective dose) per ml given at weekly intervals for 4 weeks. The animals are bled 5-7 days after the last injection. Standard RP hyperimmune antiserum is also effective in detecting PPR antigen.

2.14.2.3. Counter immunoelectrophoresis

Counter immunoelectrophoresis (CIEP) is of the same principle as the AGID except that the gel is electrically charged to improve the sensitivity of the test.
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2.14.2.4. ELISA for antigen detection:

A monoclonal antibody-based sandwich ELISA was found to be highly sensitive in detection of antigen in tissues and secretions of infected goats (Saliki et al., 1994). Libeau et al. (1994) revealed that, another format of antigen ELISA which is more widely used is immunocapture ELISA. It utilizes MAb directed against the nucleocapsid protein. It can give a reliable result within two hours in precoated plates and from samples maintained at room temperature for a period of seven days with no more than 50% reduction in response. The immunocapture ELISA allows a rapid differential diagnosis of PPR or rinderpest viruses, and this is of great importance as the two diseases have a similar geographical distribution and may affect the same animal species. The detecting MAbs used in immunocapture ELISA are directed against two non overlapping domain of the N-protein of PPR and RP, but the capture antibody detects an epitope common to both RP and PPR. 
The immunocapture ELISA is suitable for routine diagnosis of rinderpest and PPR from field samples such as ocular and nasal swabs. The main advantages of this assay are: Rapidity, it can be performed in a pre-coated plate in less than 2 hours; Specificity; Robustness, it can be carried out on samples which have not been kept under ideal conditions and where no viable virus is present; Simplicity.

2.14.2.5. cDNA probes:
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For the differentiation between PPR and RP, the use of [P³²]-labelled cDNA probes derived from the N-protein gene of the two viruses had been described. It could differentiate between the two viruses without need for virus isolation. cDNA directed against the matrix protein, fusion protein and phosphorprotein gene were found to cross hybridize to a much greater extent and were not suitable for use as discriminating probes (Diallo et al., 1989).

Probes using non radioactive labels such as biotin (Pandey et al., 1992) or dioxin (Diallo et al., 1995) were developed. The biotin labeled cDNA was found to be as specific as the one using the radioactive label and more rapid in differentiation between PPR and RP (Pandey et al., 1992). However, it was reported elsewhere, that the expected sensitivity had never been obtained using non-radioactive labels (Diallo et al., 1995).

2.14.2.6. Reverse transcription polymerase chain reaction (RT-PCR)

Saiki et al. (1988) first demonstrated the efficiency of amplifying in vitro a selected sequence flanked by two oligonucleotide primers of opposite orientation. The method consists of repetitive cycles of DNA denaturation, primer annealing and extension by a DNA polymerase effectively doubling the target with each cycle leading, theoretically, to an exponential rise in DNA product. The efficiency achieved actually can vary enormously, however, since it is dependent on factors such as the number of cycles, the quantity of the starting material, the length of the target DNA, the temperature conditions of annealing and priming, and the polymerase used. When the starting material is DNA, high purification of the nucleic acid is not necessary so the procedure is greatly simplified.
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Since the genome of all Morbilliviruses consists of a single strand of RNA, it must be first copied into DNA, using reverse transcriptase, in a two-step reaction known as reverse transcription/polymerase chain reaction (RT-PCR). RT-PCR has been shown to be useful for the rapid detection of Morbillivirus-specific RNA in samples submitted for laboratory diagnosis (Shaila et al., 1996). It has proved especially useful in identifying the new Morbilliviruses found in marine mammals (Barrett et al., 1993). Both genus-specific and universal Morbillivirus primer sets have been produced that can be used to distinguish all known Morbilliviruses (Forsyth and Barrett, 1995).

Two sets of primers have been made, based on sequences in the 3© end of N genes (messenger sense), which are least conserved regions between the two viruses. They enable specific amplification of 300 base pair (bp) fragments for RPV and PPRV (Couacy-Hymann et al., 2002). Reverse transcription-polymerase chain reaction tests (RT-PCR) using phosphoprotein (P) universal primer and fusion (F) protein gene specific primer sets to detect and differentiate between PPR and RP were described (Barrett et al., 1993; Forsyth and Barret, 1995; Couacy- Hymann et al., 2002).

2.14.3. Serology

Many tests have been used for the demonstration of PPR antibodies in serum: virus neutralization test, agar gel diffusion test, immunoelectrophoresis and recently blocking and competitive ELISA.

2.14.3.1. Virus neutralization
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The virus neutralization test (VNT) is sensitive and specific, but time-consuming and expensive. The standard neutralization test is carried out in roller-tube cultures of primary lamb kidney cells or Vero cells when primary cells are not available. VNT is the most reliable test for detection of Morbillivirus antibodies (Rossitter, 1994). Serum against either PPR or RP may neutralize both viruses, but would neutralize the homologous virus at a higher titre than the heterologous virus. Therefore for differentiation purpose reciprocal cross neutralization is used (Taylor and Abegunde, 1979).
2.14.3.2. cELISA

Competitive and blocking ELISA based on monoclonal antibodies specific for N-protein (Libeau et al., 1995) and H-protein (Anderson and Mckay, 1994; Saliki et al., 1993; Singh et al., 2004) were developed for detection of antibodies in animal sera. These tests either used gradient purified virus or expressed antigens. In the N-protein cELISA, the serum antibodies and the MAb compete on specific epitope on nucleoprotein obtained from recombinant baculovirus. Though no cross reaction in N-protein cELISA was reported, a high level of competition up to 45% was observed among the negative (Libeau et al., 1995). Despite the fact that neutralizing antibodies are not directed against the N-protein, but the H-protein (Diallo et al., 1995), a correlation of 0.94 between VNT and cELISA was observed suggesting that the former was more sensitive (Libeau et al., 1995). 

The relative sensitivity of this cELISA to VNT was 94.5, while the specificity was 99.4%. Both blocking ELISA and cELISA detecting anti-H antibodies are based on competition between an anti-H monoclonal antibody (MAb) and serum antibodies, but in case of blocking ELISA the test sera are pre-incubated with antigen and then incubated with the MAb. The sensitivity and specificity of the H-blocking ELISA were found to be 90.4% and 98.9% respectively (Saliki et al., 1993). PPR cELISA using MAb directed against the H-protein cross reacted to some extent with rinderpest, while RP cELISA is specific, therefore an animal was assumed to have experienced RP if it is positive in both PPR and RP ELISA (Anderson and McKay, 1994). The overall specificity of c-ELISA test was 98.4% with a sensitivity of 92.2% when compared with VNT. The diagnostic efficacy of the assay in terms of sensitivity and specificity was calculated using two-sided contingency table (Singh et al., 2004).
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2.14.4. Differential Diagnosis: 

The disease must be differentially diagnosed from Foot and Mouth disease, Bluetongue, Contagious ecthyma, Pasteurellosis, Contagious caprine pleuropneumonia, Nirobi sheep disease, Coccidiosis, Plant and Mineral poisoning etc. (Appel et al., 1981).

Confirmation requires virus isolation and cross-neutralization.

· Foot-and-mouth disease (FMD): This condition is comparatively mild, and the most characteristic clinical sign, lameness, is not a feature of PPR.

· Pasteurellosis: Enzootic pneumonia or the septicemic form of pasteurellosis is characterized by obvious respiratory signs, infrequent diarrhea, and a fatality rate rarely exceeding 10 percent.

· Contagious Caprine Pleuropneumonia (CCPP): There is no digestive system involvement, and the clinical signs and lesions are confined to the respiratory system and pericardium.

· Bluetongue: Swelling of the lips, muzzle, and oral mucosa, together with edema of the head region, should serve to differentiate bluetongue from PPR. Coronitis, common in bluetongue, is not a feature of PPR. Also, sheep are more affected than goats.

· Contagious ecthyma (Contagious Pustular Dermatitis, orf): The orf virus causes proliferative, not necrotic lesions that involve the lips rather than the whole oral cavity. The absence of nasal discharges and diarrhea also distinguish orf from PPR.
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Nairobi sheep disease: Sheep are more severely affected than goats. It is limited geographically to parts of east and central Africa (Kenya, Uganda, Tanzania, Ethiopia, Somalia and Congo (formerly Zaire). Diagnosis requires isolation and serologic identification of the virus.

· Coccidiosis: There is no upper digestive tract and respiratory system involvement.

· Plant or mineral poisoning: Several plants and minerals may cause severe intestinal lesions. Case history and absence of fever should distinguish poisoning from PPR.

2.15. TREATMENT OF PPR

There is no specific treatment for PPR, however hyperimmune PPR serum produced in goats reverses the disease process if administered at the onset of fever (Ihemelandu et al., 1985). It can be prevented by attenuated RPV vaccination (Taylor, 1979). The affected animals were given antibiotics to control secondary bacterial infections along with anti-inflammatory drugs. Specifically, oxytetracycline and chlortetracycline are recommended to prevent secondary pulmonary infections (OIE, 2000).  Many animals which received proper treatment in early stages of the disease were saved. It was observed that higher fatality rates in PPR affected animals was more due to secondary bacterial infections than the disease itself which could have been due to immune suppression associated with Morbillivirus infections (Heaney et al., 2002).
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Sil et al. (2006) reported that, the use of combined antibiotic hyper immune serum therapy (ACHST) for PPR helpful to overcome the condition. For diarrhoeal conditions, they suggested that 10 ml hyperimmune serum intravenous route per animal three doses every 3 days interval. Long acting Oxytetracycline tabs 1ml/10 kg body weight 2nd dose after 72 hours of 1st dose. A mixture of Oxytetracycline tabs and Metranidiozol (1:1) oral doses twice daily until diarrhea subsides. 
2.16. PREVENTION AND CONTROL

Singh et al. (2009) said that, the availability of an effective vaccine, accurate diagnostic tests for PPR and an experienced infrastructure prompt us to propose a national project for a Peste des Petits Ruminants eradication programme on the lines of National Project on Rinderpest Eradication. This would greatly enhance the prospects of PPR eradication not only on a national level but also from the Asian continent, alleviate poverty and, in turn, contribute to the national economy.

Control of PPR in endemic areas relies mainly in vaccination (Diallo, 2004; Libeau et al., 2002). In 1989 a homologous vaccine that induces lifelong immunity in both sheep and goats was developed (Diallo, 2003). The vaccine is innocuous on pregnant sheep and goats at any stage of gestation and induces the production of colostral anti-PPR antibodies that have been found in kids up to 3 months old (Diallo, 2003; FAO, 1997).

Proper disposal of carcass and contact fomites, decontamination and restriction on importation of sheep and goats from affected areas. PPR are usually spread by direct contact, and it is usually introduced into a herd by an infected animal. Asymptomatically infected animals can shed the virus, and one report suggests that virus shedding may be possible for up to 12 weeks or longer in recovered animals. 
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Peste des Petits Ruminants can be eradicated with a combination of quarantines, movement controls, euthanasia of infected and exposed animals, and cleaning and disinfection of infected premises. Ring vaccination and/or vaccination of high-risk populations can also be helpful. The rapid inactivation of PPRV in the environment aids eradication; this virus is thought to remain viable for less than four days outside the animal. PPRV can be inactivated by many disinfectants including alkalis (sodium carbonate, sodium hydroxide), halogens (sodium hypochlorite), phenolic compounds, citric acid, alcohols and iodophores. Carcasses are generally buried or burned. Care should be taken to prevent the virus from spreading to susceptible or potentially susceptible wild populations such as deer, gazelles, wild sheep or feral goats. 

Animals that recover develop good immunity, which persists for at least four years and possibly lifelong. Good nursing and treatment for bacterial and parasitic complications can help to decrease mortality in endemic regions.

CHAPTER 3

MATERIALS AND METHODS
3.1. Study population
The study was conducted in Black Bengal goats registered to the teaching veterinary hospital at CVASU between May 2009 and April 2010, both the months inclusive. Each goat registered was clinically examined. A PPR case was initially suspected if an animal showed clinical signs including nasal and ocular discharges, diarrhea, dehydration, elevated temperature and generalized weakness. All the clinical signs were properly noted in the record sheet. Virological and bacteriological samples from these goats as mentioned below were collected and they were followed up for a period of 14 days for survivability. In addition, the course of treatment for each goat was also recorded. 

3.2. Collection of samples
Swabs: 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 resulting flushed fluid which served as the source of PPRV antigen was placed into a refrigerator at -85ºC until investigation.
Samples as potential viral antigens were also collected from goats that died of clinically suspected PPR cases. After death such a goat was subjected to a detail post mortem examination particularly for the pathognomonic lesion of PPR – “Zebra Strip” in the ileo-caecal junction area of the intestine. Irrespective of finding the characteristic lesions, lymphnodes and spleens were collected from all the necropsied goats as sources of PPRV antigen. 
Blood was collected from each clinically PPR suspected goat with or without anticoagulant. About 5 ml blood with anticoagulant was taken into a vacutainer to culture at 37◦C for overnight. 

3.3. Recording treatment regimens applied for PPRV-infected goats at CVASU Veterinary hospital

Based on the case record sheet for each PPR affected goat kept at CVSU teaching hospital, four (4) treatment regimens were found to be in-practice for clinically PPR suspected goats. For this study they were divided into 4 groups: 

Group 1: Animals receiving sulfur drugs

Group 2: Animals receiving broad spectrum penicillin, such as amoxicillin

Group 3: Animals receiving streptomycin and sulfur drugs such as, streptosulfa® (Novertis BD) and 

Group 4: Animals receiving any amynoglycoside such as Gentamicin (Gentason plus®, Chemist Laboratory Ltd.). In addition, all the animals were prescribed for intravenous physiological fluid therapy.

3.4. Locally raising hyperimmune PPRV antiserum 

Hyperimmune PPRV antiserum was raised locally in a healthy Black Bengal goat following the procedures described by OIE Manual (2008). A healthy goat was injected with the PPRV live vaccine produced by the Livestock Research Institute (LRI), Mohakhali, Dhaka with a dose of 1 ml subcutaneously, and repeated the vaccination at least 3 times at 7 days interval.  Serum was collected from the injected goat 7 days subsequent to the last injection (Durojaiye, 1982). This hyperimmunised serum was stored in a refrigerator at -84ºC until used.
3.5. Laboratory diagnosis of a PPR case

Confirmation of a PPR case was done by Agar gel precipitation test (AGPT) using the extract of nasal swab or lymphnode/spleen tissue homogenate collected from dead goats, described in section 3.2 (page 37) as sources for PPRV antigen and locally raised PPRV hyperimmune antiserum, described in section 3.4 (page 38). For negative control physiological saline was used.  The sequential steps followed for AGPT are described below:   

· Requirements: Refrigerator, gloves, N95 face mask, cotton swabs, 1 ml syringe, petridishes (5 cm), plastic bags, PBS, eppendorf tubes, test tubes, scalpel, agar puncher/ Durham’s tubes, ruler, magnifying glass, single-channel micropipette, micropipette tips, physiological saline, bacteriological agar grade 1 (Difco), PPR vaccine, thiomersal or sodium azide, 5% glacial acetic acid, positive control serum, negative control sample.
· Preparation of PPR viral antigen: For a nasal swab the extract was obtained following the procedures described in section 3.2 (page 37) was directly used for PPRV antigen. For a necropsized animal collected lymphnode (mesenteric or bronchial) and/or spleen was homogenized with a sterile pestle and mortar to make 100% (w/v) suspension in PBS. The suspension was centrifuged at 500 rpm for 10 - 20 minutes. The supernatant thus obtained was treated with a broad spectrum antibiotic (Gentamicin) @500 µg/ml for 30 minutes at room temperature. If not tested instantly, this supernatant in aliquots was stored at – 20◦ C.

· Preparation of Agar: 1% agar (grade 1) (1g/ 100ml) was dispended in normal saline, containing thiomersal (0.4 g/litre) or sodium azide (1.25 g/litre) as a bacteriostatic agent, into Petri dishes (6 ml/5cm dish).
· Preparation of Agar Plate: The agar was poured slowly into Petri dishes avoiding the formation of bubble. The plates were covered and allowed the agar to set for about 30 minutes, and then stored at 4°C. Wells were cut on agar plate by using the gel cutter in a hexagonal pattern with a central well.  The wells were 5 mm in diameter and 5 mm apart from each other. The agar plucks from the cut wells were removed with the specially adapted needle (or with a Pasteur pipette attached to a suction pump) [page 82, Fig: 7(c)].
· The test: The central well was filled with positive antiserum, three peripheral wells with positive antigen, and one well with negative antigen. The two remaining peripheral wells were filled with test antigen, such that the test and negative control antigens alternate with the positive control antigens. Samples were placed in sufficient amount to fill the wells completely. After that, plates were incubated in a humidified box at 22-37°C for 48-72 hours. A PPR case was diagnosed in laboratory by finding a line of precipitin between the extract from nasal swab/tissue homogenate and the locally raised hyperimmunie PPRV antiserum.
3.6. Investigations for concomitant bacterial pathogens
Samples collected from nasal cavity were placed in PBS, and inoculated onto blood agar. Blood agar plates were incubated at 37ºC overnight, and then examined the growth visually for colony formation and by staining with Gram stain and Giemsa  stain techniques, described below for the morphological and tinctorial properties of the organisms grown. 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 in the end. Giemsa staining was used to discriminate bipolar bacteria from those who were not. Blood collected with anticoagulant in vacutainer was directly incubated for 24 hours for assessing any bacteremia along with the clinical cases of PPR. Any bacteria isolated in pure growth were identified by using different selective media for their growth, and conventional biochemical tests.

Gram staining technique 
A bacterial film prepared from a colony was stained for 1 minute with Hucker’s gentian violet/crystal violet prepared as follows: 20 ml saturated alcoholic solution crystal violet (2gram 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 – 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). 

Giemsa’s 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 it was washed with distilled water and examined under a microscope. Those bacteria stained deeply at the two poles were characterized as bipolar bacteria.
3.7. Examination of blood films for differential leukocyte counts 
Differential counts (in percentages) for leukocytes – Neutrophils, lymphocytes, eosinophils, basophils and monocytes were performed according to Schalm et al. (1975). The blood film stained by Wright’s stain and a total of 100 cells (different type of leukocytes) per slide was counted by making hand tally in record sheet. Then the percentage of each cell type was determined. Care was taken to avoid overlapping between adjacent microscopic fields. To compare the changes of differential counts of leukocytes in PPRV-infected goats under four clinical treatments their counts in healthy goats were also done. 
3.8. Survivability study

A questionnaire/ data collection form (Annexure A, page: 74-75) was provided to collect survival data from the owners of the PPR-suspected goats including data of clinical onset of the disease, treatment given before referring to the CVASU teaching veterinary hospital, drugs administered and prescribed from the CVASU veterinary hospital, cell phone numbers of the owner/ in absence of possession of a cell phone by the owner any suitable phone number to which s/he can be contacted to follow up the disease course after the treatment prescribed from the CVASU veterinary hospital. Telephonic follow up continued until Day 14 of the day of first clinical appearance of the disease. If death of any goat occurred in this temporal phase of observation it was noted down on the data collection form (Annexure A). If the owners slaughtered or sold the goats or stopped giving feed back information they are recorded as withdrawn from the study – “censored numbers”.
3.9. Statistical analysis

All collected data was entered in to a spread sheet programme (Microsoft Office Excel 2003) and transferred to Stata 9.2 statistical package for data management, summary and analysis. 

CHAPTER 4

RESULTS

4.1. An overview statistics on the PPR-affected goats enrolled in the study
An overview statistics on the number of PPR-affected goats investigated in the study is summarized in Table 1 (Page 44). The study was ended when the number of PPR-cases in Black Bengal goats reached the number 100 and in the 1-year long study the PPRV-infected goats were recorded in four distinct temporal phases: May-July, August-October, November-January and February-April with the highest number in May-July followed by in August-October. Of the 100 PPR-diagnosed goats 56% were < 1 year of age. The numbers of male and female goats were almost the same – 53 vs 47, respectively.
Table-1: An overview statistics of the numbers of naturally PPRV infected goats observed over a period of 1 year  
	Temporal phase
	Age of goats 
	Sex

	
	<1year
	>1 year
	Total
	Male
	Female 
	Total

	May – July 
	23


	15


	38
	18


	20


	38

	August – October 
	16


	18


	34
	20


	14


	34

	November – January 
	2


	5


	7
	2


	5


	7

	February – April 
	15


	6


	21
	13


	8


	21

	Total 
	56

	44

	100
	53

	47

	100


4.2. Animals under different treatment regimens 
Of the 100 Black Bengal goats diagnosed positive with AGPT test 83 were found to be treated with antibiotics, allowing them to be divided into 4 groups, described in section 3.3 (Page 38). Thirty-eight goats were treated with only with sulfur drugs, belonging to Group I, 5 to Group II (treated with amoxicillin), 10 to Group III (treated with streptosulfa) and 30 to Group IV (treated with Gentason plus®).
4.3. Concomitant infections in Black Bengal goats naturally infected with PPRV 
The concomitant organisms recovered from Black Bengal goats naturally infected with PPRV but passed through 4 different treatment regimens are shown in Table 2 (Page 45). Staphylococcus SPP. and some Gram positive organisms (not speciated in this study) were found to be the predominant organisms in the PPRV-infected Black Bengal goats treated with any sulfur drugs, whereas Pasteurella multocida was found to be associated in ~50% of PPRV-infected goats belonging to Gentason plus-treatment group.  
Table-2: Concomitant infections in Black Bengal goats naturally infected with PPRV, passed through 4 different treatment regimens 
	*Treatment

regimen
	No. of animals
	Concomitant infection (No. of animals)

	1
	38
	Staphylococcus SPP. (44.00%), Pasteurella multocida (33.33%), G+ baclli (45.45%), G- bacilli (44.44%)

	2
	5
	Staphylococcus SPP. (6.87%), Pasteurella multocida (-), G+ baclli (6.06%), G- bacilli (-)

	3
	10
	Staphylococcus SPP. (13.79%), Pasteurella multocida (16.67%), G+ baclli (12.12%), G- bacilli (11.11%)

	4
	30
	Staphylococcus SPP. (34.48%), Pasteurella multocida (50.00%), G+ baclli (36.36%), G- bacilli (44.44)


 * To be consulted with section 4.2; G+: Gram positive; G-: Gram negative 
4.4. Blood DLC parameters of PPR affected goats

The mean values in percentages of blood DLC in normal and PPR affected goats are presented in Table 3 (Page 46).  The mean DLC (and ranges) of neutrophils, lymphocytes, monocytes, eosinophils and basophils in PPRV infected goats and healthy ones, according to two age groups (<1 year and >1 year), were shown in Table 3. The counts for neutrophils were significantly higher in the PPRV-infected group (P<0.05). In contrast, lymphocyte counts in the PPRV-infected goats in the two age groups were lower (P<0.05). Similarly, monocytes counts were also lower in PPR infected goats (P<0.05), but eosinophils and basophils counts were similar in both the PPR-infected and healthy goats (P>0.05). 
Table-3: Comparison of blood DLC (Mean ± SEM) of normal and PPR-affected goats 

	Parameters
	Goats

	
	Adults
	Kids

	
	Normal

(n=10)
	PPR affected

(n = 40)
	Normal

(n=10)
	PPR affected

(n = 35)

	Neutrophil
	36.1 ± 0.12
	60.35 ± 0.61*
	37.0 ± 0.22
	60.51 ± 0.39*

	Lymphocyte
	55.3 ± 0.16
	34.03 ± 0.63*
	54.0 ± 0.15
	32.88 ± 0.37*

	Monocyte
	5.1 ± 0.03
	2.80 ± 0.10*
	5.0 ± 0.01
	3.69 ± 0.18*

	Eosinophil
	3.0 ± 0.04
	2.43 ± 0.12
	3.0 ± 0.01
	2.46 ± 0.12

	Basophil
	0.5 ± 0.001
	0.35±0.076
	0.4 ± 0.001
	0.37 ± 0.083


*Significant at p< 0.05
4.3. Survivability of PPR affected goats

Survivability of Black Bengal goats, naturally infected with PPRV regardless of treatment difference is shown in Table 4 (Page 47). In the process of follow up for a period of 14 days of the onset of clinical signs of PPR survival data on  26 goats were missing because the owners of these goats stopped giving information, therefore data on 74 goats were entered for the survivability study. The overall results showed that 70% goats (95% Confidence interval [CI] 58-79%) survived the entire observation period. 


Table-4: Survival table of Black Bengal goats, naturally infected with PPRV – irrespective of treatment difference 

	Survival time (in day)
	Total No.
	Death
	Survival% (95% CI)

	2
	74
	1
	99 (91-100)

	3
	73
	3
	95 (86-98)

	4
	70
	2
	92 (83-96)

	5
	68
	2
	89 (80-94)

	6
	66
	3
	85 (74-92)

	7
	63
	3
	82 (70-88)

	8
	60
	4
	76 (64-84)

	9
	56
	2
	73 (61-82)

	11
	54
	2
	70 (58-79)

	14
	52
	-
	-


The survivability of goats in 4 treatment groups is shown in Table 5 (Page 48). Only 4 goats were in group 2 and all of them survived the observation period. However, the survivability of goats in other three groups: Group 1, Group 3 and 4 was 57 (95% CI 39-71), 60 (95% CI 13-88) and 86 (95% CI 66-94) %, respectively at the end of the observation.   


Table-5: Survival table of Black Bengal goats, naturally infected with PPRV, but treated with 4 options 
	Day
	Total No.
	Death
	Survivability % (95% CI)

	*Group-1

	2
	37
	1
	97 (82-100)

	3
	36
	2
	92 (77-97)

	4
	34
	1
	89 (74-96)

	5
	33
	1
	87 (71-94)

	6
	32
	1
	84 (67-92)

	7
	31
	3
	76 (58-87)

	8
	28
	4
	65 (47-78)

	9
	24
	1
	62 (45-76)

	11
	23
	2
	57 (39-71)

	14
	21
	-
	-

	*Group-2

	14
	4
	-
	-

	*Group-3

	4
	5
	1
	80 (21-97)

	6
	4
	1
	60 (13-88)

	14
	3
	-
	-

	*Group-4

	3
	28
	1
	96 (77-99)

	5
	27
	1
	93 (74-98)

	6
	26
	1
	89 (70-96)

	9
	25
	1
	86 (66-94)

	14
	24
	1
	


* To be consulted with section 4.2


Figure-4: Overall survival curve of 74 PPR-affected goats during an observation period of 14 days after the clinical onset of the disease (shown regardless of treatment difference)

Figure-5: Survival curve of PPR-affected goats, treated with 4 regimens (described in the section 4.2)
Table-6: Results of regressing survival time (14 days), after clinical onset of PPR in goats, on the differential counts (%) of white blood cells (WBC)* 

	WBC type
	Regression coefficient
	Standard error
	t
	p

	Basophil
	-1.008
	0.831
	-1.21
	0.229

	Eosinophil
	-0.101
	0.237
	-0.43
	0.669

	Lymphocyte
	0.121
	0.154
	0.78
	0.436

	Monocyte
	0.073
	0.289
	0.26
	0.799

	Neutrophil
	0.071
	0.160
	0.44
	0.659


* N = 73; Data missing from one goat

Table-7: Results of regressing survival time (14 days), after clinical onset of PPR on neutrophils and lymphocytes counts in percentage* 

	WBC type
	Regression coefficient
	Standard error
	t
	p

	Lymphocyte
	0.148
	0.090
	1.65
	0.104

	Neutrophil
	0.107
	0.086
	1.26
	0.213


* N = 73
The survival data of goats irrespective of treatment groups and for 4 treatment groups are plotted to generate Kaplan – Meier survival curves (Figure 4 and 5, respectively; Page 49) to visualize the overall survivability in goats, naturally infected with PPRV, and the comparative effectiveness of different treatments in increasing the survivability in these goats. Although ~70% goats survived if any of the 4 treatments applied, this could be increased to 86% when Gentason plus was used, significantly higher (P=0.052) than that of the survivability resulted from the application of treatments described in Group I and III. The regression of survival time on the counts of all the 5 members of white blood cells (Table 6, page 50) and separately on the two major kinds (Table 7, page 50) – neutrophils and lymphocytes revealed that none of the cell counts had any impact on the survivability of Black Bengal goats naturally infected with PPRV (P>0.05).          

CHAPTER 5

DISCUSSION
The survivability of Black Bengal goats naturally infected with PPRV and the causative organisms for concomitant infections with PPRV-infections in these goats were studied. The mortality due to PPR in goats can reach to 90% (Dhar et al., 2002) but in this study the overall morality percentage were ~30%. The lower mortality percentage observed in this study could be, to a greater extent, linked to the treatments provided from the CVASU teaching hospital. 
Because PPR is a viral disease application of any kinds of antibiotics have no direct effect to the causative virus. Since the virus also causes immune suppression in goats they are more vulnerable to bacterial infections. 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 Staphylococcus SPP. and Pasteurella multocida. Some of them could be commensals recoverable from the nasal swabs of healthy goats. However, the contributory roles of Pasteurella multicida in developing pneumonia have been documented before (Zamri-Saad et al., 1996; Ezzil  et al., 2007; Timoney et al., 1988). Due to resource constraints some organisms isolated in this study were not speciated, but belonged to two broad groups – Gram positive and Gram negative bacilli.
The survivability of goats belonging to the treatment group IV (treated with gentamicin) was the highest – 86%. The intrinsic contributions of this agent in having a higher survivability remain unknown. But one plausible explanation could be the susceptibility of the concomitant pathogens to this antibiotic. This can be verified using the isolates being preserved from this study, but this was beyond the limited scopes of the study conducted. The supporting treatment particularly administration of intravenous physiological saline could be a confounder in achieving a higher survivability in the PPRV-infected goats.
The severity of viral infections has an influence as well on the survivability of PPRV-infected goats. Severity of the virus infections depend on the host resistance to the infections due to presence of antibodies which were impossible to measure in a course of natural infection. However, the infection severity could have been measured by having titrated the viruses in the swabs and organ samples collected for this study, if sophisticated laboratory facilities were available. Lacking of them this was also not done. To save resources hyperimmune PPRV antiserum were raised locally, but the sensitivity and specificity of the test applied using locally raised PPRV antiserum could not be verified because absence of any gold-standard diagnostic test for PPRV in the local laboratory. 

Twenty-six PPR diagnosed goats were lost in the middle of the observation due do owners’ non-cooperation. These goats could have been sold or slaughtered for being moribund. If they could have been observed for the set observation period the overall survivability of goats could have been lower than that found in the study.  Therefore, an overestimation of the survivability in PPRV-infected goats could not entirely be ruled out in this study.

The counts of differential leukocytes (lymphocytes, neutrophils, monocytes, eosinophils and basophils) revealed that they had no impact on the survivability of PPRV infected Black Bengal goats.        


The practical application of the study is that if PPRV-infected Black Bengal goats are treated with an aminoglycoside such as gentamicin than sulfur drugs or strepto-sulfa preparations concurrent bacterial infections can be more effectively managed, increasing the survivability.   

CHAPTER 6

CONCLUSION 
The predominant organisms to cause concurrent bacterial infections in PPRV-infected Black Bengal Goats are Staphylococcus SPP. and Pasteurella multocida. The overall survivability in Black Bengal goats with natural PPRV-infections but treated with any of the 4 antimicrobial preparations – sulfur drugs, amoxicillin, strepto-sulfa, and gentamicin was 70 % (95% CI 58-79%). However, the survivability of goats could be significantly higher if they are treated with gentamicin than any of the other preparations mentioned. Differential counts of any members of white blood cells in PPRV-infected Black Bengal goats have no influence on their survivability. 
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Annexure A: Questionnaire/Data collection form

Data collection form

Date:                                                                                                             Sample no:

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

2. Telephone No/Cell phone No. of the owner-----------------------------------------------

3. Age of goats------------------------------------------------------------------------------------

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

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

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

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

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

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

9. Date of death------------------------------------------------(to be known by telephoning of the owner) 

Or,

Date of recovery -------------------------------------- (when all clinical signs are over)

10. If slaughtered for meat/sold, number of days elapsed between the clinical onset and slaughter/selling----------------------------------------(to be known  by telephone/mobile)

11. Number of days between the clinical onset and death-----------------------------------

Or,

Number of days between the clinical onset and recover/sold/slaughtered------------

12. Clinical syndromes recorded:

12.1. Temperature---------------------------------------------------------------------°F

12.2. Diarrhoea-------------------------------------------------------------------Yes/No

12.3. Dyspnoea-------------------------------------------------------------------Yes/No

12.4. Lethargy--------------------------------------------------------------------Yes/No

12.5. Others--------------------------------------------------------------------------------
13. Treatment history (Which antibiotic was given and for what duration?)--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14. Other supportive treatments-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

15. Date of contact with owners for follow up-------------------------------------------------

Signature and date of Research Associate

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


Annexure B: Flow chart of the activities undertaken



Annexure C: Some representative pictures
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Plate-7: Agar gel Precipitation test. a) Preparation of positive sample from collected lympnodes, lungs, spleen etc. b) Making whole design on paper by pencil c+d) Making whole on agar gel; e) Putting hyperimmune serum, positive, negative and test samples into whole of agar gel. f) Precipitin line between goat hyperimmune serum, test sample and positive antigen.





b





a





Plate-6: Biochemical test. a) Indole test- Positive (Right), negative (Left); b) CHO fermentation- Positive (Left), negative (Right); c) Citrate utilization- Positive (Middle), negative (Left & Right); d) H2S production (Black) positive on TSI agar; e) Oxidase test positive (Purple color on filter paper); f) Catalase test (Bubbles formation by adding 3% H2O2) - Positive (Right), negative (Left).
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Plate-5: Postmortem examination of PPR affected goat. a) Examination of lungs; b) Examination of intestine for ‘Zebra Stripe’ lesion; c) Examination of heart, spleen etc.; d) Zebra Stripe lesion in ileo-caecal junction; e) Searching of supra-scapular lymphnode; f) Congested liver of PPR affected goat.
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Plate-4: Blood differential leukocytes of Goat. a) Lymphocyte; b) Monocyte; c) Neutrophil; d) Eosinophil; f) Basophil
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Plate-3: Pictures of some isolated Bacteria. a) Staphylococcus SPP. (Grapes like clusters); b) Gram negative bacilli (Rod shaped, non-spore forming); c) Gram positive bacilli (Thread like, non-spore forming; d) Pasteurella multocida (Bi-polar bacteria).
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Plate-2: Some selective media for Bacteria. a) Bacterial colonies on calves’ blood agar; b) Bacterial colonies on Mueller-Hinton agar.
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Plate-1: Clinical signs of PPR affected goat. a) PPR affected goat b) Goat showing nasal and ocular discharges c+d) Mouth lesions (erosions) in PPR affected goat e) A kid with showing clinical signs f) Diarrhoeal signs in PPR affect goat.
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