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			Abstract | The serosurvey was carried out to determine the status of peste des petits ruminants virus (PPRV) antibodies in sheep and goats in the rural system of Odisha state, India. The serum samples were collected along with host parameters from various flocks in different epidemiological units in selected three districts in the study region from January to February 2021. A total of 363 serum samples [sheep (n=130) and goats (n=233)] collected were screened by indigenous PPR competitive ELISA kit for the detection of PPRV antibodies. The results revealed that the observed prevalence of PPRV antibodies in sheep and goats was 92.0, 72.2, and 50.7 % in Balangir, Kalahandi, and Mayurbhanj districts, respectively. An overall 63.91 % (95% CI: 58.85-68.68) prevalence of antibodies were observed in small ruminants with 59.23 % (95% CI: 50.64 – 67.29) in sheep and 66.52 % (95% CI: 60.24 – 72.27) in goats, as all the districts in Odisha adopted the PPR vaccination in both sheep and goats. Further, the results of the multivariable logistic regression analysis revealed that species and districts were significantly associated with the prevalence of PPRV antibodies. The observed seroconversion was near to the recommended (70-80 %) level by the world organization for animal health (OIE), which indicates the existing PPR vaccination strategy has provided desired protection levels. However, in the present study, only ~ 60 % of epi-units in three districts, had shown >70 % prevalence of PPRV antibodies, which demands further intensive vaccination coupled with active surveillance programs to make this region a PPR free zone. For that, the mass vaccination program needs to be adopted in line with the OIE and the national strategic plan for PPR eradication 2025, for elimination of PPRV from India.
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			INTRODUCTION

			 

			Peste des petits ruminants (PPR) is a contagious, economically important, World Organization for Animal Health (OIE) notifiable, morbillivirus (small ruminant morbillivirus-SRMV) infecting disease of sheep and goats and other related wildlife small ruminants species. The disease causes the highest death among various infectious diseases that limit the optimum productivity of sheep and goats in the world. Most of the sheep and goats are reared by poor sections of rural communities for nutrition, livelihood, and financial needs (Balamurugan et al., 2021). The disease poses a serious threat to small ruminant production in Africa, Asia, and the Middle East, where the disease is widespread and endemic; hence the disease outbreak on small ruminants has a huge socio-economic impact on all the developing countries (Balamurugan et al., 2014, 2021; OIE and FAO, 2015; Yirga et al., 2020). Because of its increasing spread, it becomes a main constraint in augmenting the productivity of small ruminants in endemic countries. OIE has considered PPR as an economically important ruminants’ disease and taken action to eradicate PPRV by 2030, as part of the OIE/FAO Global Strategic Plan (OIE and FAO, 2015). Vaccination is an important tool for the control of PPR in endemic developing countries like India because of the availability of effective and safe vaccines which provide long-lasting protection (OIE and FAO, 2015). 

			 

			India is a vast country with a population of 148.88 million goats and 74.26 million sheep against a world population of ~2 billion small ruminants (Balamurugan et al., 2020b, 2021). Sheep and goats are the ‘‘Any Time Money’’ of the poor landless, marginal, and small farmers and they generate income and employment for their livelihood. The disease reporting, understanding of the disease epidemiology, strong support of diagnostics and surveillance, and vaccination of the animals are highly imperative for the effective control of disease, besides strategic plan and infrastructure facilities. India practiced focused vaccination in PPR outbreak places since 2002 and program mode since 2011 even before the global strategy was scheduled (Singh et al., 2009; Balamurugan et al., 2016). During 2011, the Government of India (https://www.dahd.nic.in) implemented a national control program on PPR (PPR-CP), in which the vaccination was covered in South peninsular India in the first phase, and the remaining states and union territories were included in the second phase from 2014 (Balamurugan et al., 2016, 2021). Since then, various programs have been taken care including mass vaccination, restricted nomadic movements, surveillance, focus vaccination, and quarantine of animals to control the spread of the disease. Despite vaccination, several outbreaks of PPR in sheep and goats are occurring and have not been recorded properly, owing to inadequate reporting of animal diseases in India. Moreover, neither systematic surveillance nor sero-monitoring was undertaken to assess the effectiveness of the vaccination in a particular region except for a few studies (Balamurugan et al., 2018, 2020b). The disease has been brought under control in some of the states and PPR outbreaks threat reported declined progressively and substantially in the continuous vaccination practiced states like Chhattisgarh (Balamurugan et al., 2018) and Southern peninsular region (Balamurugan et al., 2020b) and benefits outweigh the cost of a vaccination program (Govindaraj et al., 2019). 

			Flock or herd immunity, although may be used in a slightly different sense, basically refers to the proportion of immune individuals in a population that reduces the risk of infection to the susceptible individuals by the presence and proximity of immune individuals (Fine et al., 2011). This threshold flock /herd immunity of PPR is set to be about 70- 80% in the global eradication of the strategy of PPR (OIE and FAO, 2015; Hammami et al., 2016). The proportion of immune animals which confer protection due to population immunity may vary depending on the contact structure of the population and transmissibility of the agent. The prevalence studies after PPR vaccination in small ruminants has been reported from different endemic countries in the world including India (Balamurugan et al., 2018, 2020b; Yirga et al., 2020).

			 

			The Odisha state implemented a mass vaccination, during the year 2015 in the second phase of the PPR-CP implementation (Balamurugan et al., 2016, 2020a). However, despite the implementation of PPR-CP in Odisha, systematic epidemiological surveys for PPR for the state have not been conducted except for serosurvey during 2017-2018 (Balamurugan et al., 2020a), which showed 54.2% prevalence of the PPRV antibodies in small ruminants population. Despite mass vaccination is being adopted, disease outbreaks with associated epidemiological factors are being reported sporadically in some places of Odisha state (Kumar et al., 2017; Mishra et al., 2020; Rath et al., 2020). Therefore, after regular implementing the vaccination program, the present serosurvey is being undertaken here along with the collection of host factors to establish the population immunity of PPR in sheep and goats at a given period to determine PPRV antibodies status towards the eradication of PPR in Odisha state.

			 

			MATERIALS AND METHODS

			 

			Study area and sampling methods

			Odisha state is located in the eastern coastal part, surrounded by the states of Jharkhand, West Bengal, Chhattisgarh, and Andhra Pradesh, and the state has 6.5 million goats and 1.5 million sheep population, as per the 20th livestock census, 2019 (http://www.dahd.nic.in). Serosurvey was conducted from 28th January 2021 to 22nd February 2021 and a multistage random sampling technique was followed to collect primary data from sheep and goat rearing farm households. In the first stage, all the districts of Odisha were classified as per the sheep and goat population density into high (n=7), medium (n=11), and low (n=12) and one district from each category namely Mayurbanjh (high), medium (Balangir), and low (Kalahandi) was selected randomly. Further two blocks from each district and eight to ten villages from each block were selected randomly. In India, the village is distinct and considered as the epidemiological unit (epi-unit) in the studied Odisha state, as reported earlier (Balamurugan et al., 2020a). In the final stage, three to four households or flocks were selected randomly in each of the randomly selected villages in the survey. 

			 

			Small ruminants samples (n=363) were collected randomly from 75 flocks in the selected three districts from the study area, along with the questionnaire data. The collected blood sample along with appropriate questionnaire information about the individual animal factors was labeled and transported in cold condition to the nearby local veterinary hospital for separation of serum and separated clear serum was transported to Indian Council of Agricultural Research -National Institute of Veterinary Epidemiology and Disease Informatics (ICAR-NIVEDI) and up on received stored at -20 oC until the screening. The questionnaire data collection format contained information about the name of individual household farmer, demographic attributes, age, sex, breed, flock size, etc., and PPR control measures. The sampled primary surveyed villages in three districts in the Odisha state are depicted in GIS Map (Figure 1) of India based on their geo-coordinates using QGIS Software 2.18.6 version.

			 

			[image: Image15739.PNG] 

			Figure 1: The surveyed epi-units (villages) in the district locations are depicted (as a square dot) in the GIS Map of the Odisha state in India.

			 

			Sample testing and analysis

			All the collected serum samples were tested by an indigenously developed PPR competitive ELISA kit (the kits were purchased from the ICAR-Indian Veterinary Research Institute, Mukteshwar, campus, Nainital, Uttarakhand) according to (Singh et al., 2004) protocol Samples with a percentage inhibition (PI) of > 40% were considered as positive for the presence of PPRV specific antibodies and the overall percentage of seropositivity or seroprevalence was calculated with 95% confidence intervals (CI). Field and laboratory parameters results were coded into appropriate variables and analyzed using Microsoft Office Excel 2016. The seroprevalence was estimated based on the number of positive animals versus the number of tested animals. Multivariable logistic regression analysis was carried out using “R” version 4.0.2 software and was fitted with positivity or negativity of animals as dependent and age, species, gender, and districts as independent variables to understand the significant association of the host factors with the presence of PPRV antibodies in sheep and goats in the rural system of Odisha. 

			 

			RESULTS AND DISCUSSION

			 

			The efficiency of vaccination programs or campaigns needs to be evaluated to achieve the eradication of PPR by the stipulated time frame. Post-vaccination evaluation of herd or flock and population immunity at the epi-unit levels enables evaluation of the immunogenicity of the vaccine and the efficiency of vaccine delivery (OIE and FAO, 2015). Evidence of the degree of the correlation between seroconversion and protection under field conditions may be needed to make appropriate inferences of population immunity. 

			 

			Therefore, the present study assessed the status of PPRV antibodies in sheep and goats in the study area of Odisha as a part of the population immunity evaluation and generated evidence on the immune status, which is paramount important for devising further effective control strategies towards the eradication of PPRV. District-wise details of serum samples tested and their positivity for the PPRV antibodies are presented in Table 1. The results revealed that the observed prevalence of PPRV antibodies in small ruminants was 92.0, 72.2, and 50.7 % in Balangir, Kalahandi, and Mayurbhanj districts, respectively in the studied region, with an overall 64 % with 59.23 % in sheep and 66.52 % in goats, as regular vaccination is being practiced in all the districts of Odisha as per PPR-CP plan in both sheep and goats population. This post-vaccination immunity was lower than the recommended herd immunity threshold needed to control the transmission of the PPRV in a population. However, the level was higher than the seroconversion level of 61% reported fourteen days post-vaccination in Awash Fentale District of Afar region of Ethiopia (Faris et al., 2012). Further, the result was corroborated with district-wise prevalence study in Odisha, in which the seroprevalence of 48.42% in small ruminants with 44.7% in sheep and 51.21% in goats has been reported (Hota et al., 2018). Similarly, our previous study conducted at village levels during 2017-2018 (Balamurugan et al., 2020a) also showed 54.2 % prevalence of the PPRV antibodies with significant association in the goats (Chi-square value x2= 93.28, p<0.01). 

			Table 1: Details of the PPRV antibodies prevalence in small ruminants in the studied region of Odisha.

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Name of the district

							 

							 

						
							No. of the blocks surveyed
							
							No. of the village/epi unit surveyed

							 

						
							
							No. of flocks

							surveyed

						
							
							No. of samples tested

							(No. of samples positive)

						
							
							Apparent Prevalence of PPRV antibodies status % (Confidence Interval value at 95%)

							 

						
							
							Percentage of prevalence of PPRV antibodies/ Population immunity number of epi units

						
					

					
							Sheep
							Goat
							Total
							Sheep
							Goat
							Total
							<30
							30-70
							>70
					

					
							
							Balangir

						
							
							2 (Deogaon, Saintala)

						
							
							9

						
							
							11

						
							
							19 (17)

						
							
							56 (52)

						
							
							75 (69)

						
							
							89.47 

							(68.06-97.06)

						
							
							92.86 

							(83.03-97.19)

						
							
							92.0 

							(83.63-96.28)

						
							
							0

						
							
							0

						
							
							9

						
					

					
							
							Kalahandi

						
							
							2 (Bhawanipatn, Narla)

						
							
							9

						
							
							23

						
							
							55 (44)

						
							
							24 (13)

						
							
							79 (57)

						
							
							80.0 

							(67.64-88.45)

						
							
							54.17 

							(35.08-72.11)

						
							
							72.15 

							(61.42-80.83)

						
							
							0

						
							
							3

						
							
							6

						
					

					
							
							Mayurbanjh

						
							
							2 (Bangiriposi, Saraskan)

						
							
							10

						
							
							41

						
							
							56 (16)

						
							
							153 (90)

						
							
							209 (106)

						
							
							28.57

							 (18.42-41.47)

						
							
							58.82 

							(50.90-66.31)

						
							
							50.72 

							(43.99-57.42)

						
							
							3

						
							
							6

						
							
							1

						
					

					
							
							Total

						
							
							6

						
							
							28

						
							
							75

						
							
							130 (77)

						
							
							233 (155)

						
							
							363 (232)

						
							
							59.23 

							(50.64-67.29)

						
							
							66.52 

							(60.24-72.27)

						
							
							63.91 

							(58.85-68.68)

						
							
							3

						
							
							9

						
							
							16

						
					

				
			

			

			 

			Table 2: Multivariable logistic regression analysis of the host factors with the presence of the PPRV antibodies in small ruminants in the studied region of Odisha.

			
				
					
					
					
					
					
					
				
				
					
							Variables
							Variables
							Estimates
							Std. Error (SE)
							Adjusted or (+-1.96% CI)
							P=value
					

					
							
							Intercept

						
							
							Intercept

						
							
							0.273

						
							
							0.186

						
							
							--

						
							
							0.141

						
					

					
							
							Age

						
							
							6 to 12 Months

						
							
							-0.223

						
							
							0.251

						
							
							0.80 ns (-0.71, 1.29)

						
							
							0.373

						
					

					
							
							 

						
							
							> 1 years Adult

						
							
							--

						
							
							- -

						
							
							1

						
					

					
							
							Species

						
							
							Sheep

						
							
							-0.610

						
							
							0.267

						
							
							0.54** (0.018, 1.06)

						
							
							0.021

						
					

					
							
							 

						
							
							Goats

						
							
							--

						
							
							--

						
							
							1

						
					

					
							
							Gender

						
							
							Male

						
							
							-0.051

						
							
							0.289

						
							
							0.95 ns (-0.61, 1.51)

						
							
							0.858

						
					

					
							
							 

						
							
							Female

						
							
							--

						
							
							--

						
							
							1

						
					

					
							
							Districts

						
							
							Balangir

						
							
							2.424

						
							
							0.453

						
							
							11.30 *** (1.53, 12.19)

						
							
							0.000

						
					

					
							
							 

						
							
							Kalahandi

						
							
							1.220

						
							
							0.324

						
							
							3.39*** (0.58, 4.02)

						
							
							0.000

						
					

					
							
							 

						
							
							Mayurbanjh

						
							
							--

						
							
							--

						
							
							1

						
							
							 

						
					

				
			

			

			Reference categories:1; Significance *** and ** at 1% and 5% level respectively. ns= Not-significant

			 

			Further, on multivariable logistic regression analysis, a significant difference was observed between species and across districts and not between age, sex, etc. The details of the test analysis according to conditional step-wise logistic regression, for host parameters compared to PPR sero-positivity are presented in Table 2. According to geographical region, the seroprevalence was higher in the Balangir, followed by Kalahandi and Mayurbanjh districts, with differences among studied areas, was statistically significant. Among species, the odds of presence of PPRV antibodies in sheep is significantly less than in goats (OR=0.54), as the state has a 1:4.3 ratio of sheep and goats population, as per the 20th livestock census, 2019. Similarly, the odds of the presence of PPRV antibodies were more in Balangir and Kalahandi districts by 11 and 3 times, respectively than in Mayurbanjh district, despite regular vaccination is being practiced, the variation in the immunity levels were also observed in the epi-unit level in the target population. Moreover, the results showed higher seropositivity in adults (65.86 %) compared to young animals (59.65%) and in males (68.89 %) compared to females (62.27%) without significance. These findings are concurrent with previous results that reported a liberal raise of prevalence with increasing age and related it (Muse et al., 2012), but contrast to the study of Özkul et al., (2002). Further, under one year old animals had lower seropositivity when compared to adult animals, this finding concurs with reported studies from Sudan and Kenya (Salih et al., 2014; Gitonga, 2015). Further, differences in PPRV seropositivity depending on species, sex, age, season, and geographical location have previously also been described (Mostafa and Elfadil, 2012). 

			 

			In comparison with the previous study (Balamurugan et al., 2020a), an increase in the prevalence of PPRV antibodies to the tune of 10 % in the population was observed, which might be due to the effects of the vaccination to attain the desired level of population immunity in the state., Moreover, the year-wise progress response to vaccination depends on the vaccination coverage and the efficacy of the vaccine at the field level. The state practiced ‘focused vaccination’ from 2004 as and when required for control of the outbreaks and in consonance with national PPR-CP, the state implemented a mass vaccination program during the year 2015-2016 with the different vaccination coverage over time (Balamurugan et al., 2020a), whereas the recent vaccination coverage of 77.72, 94.88 and 84.95% was achieved by the state animal husbandry department during 2018-2019; 2019-2020; and 2020-2021, respectively. In general, vaccination needs to be carried out to reach 70–80% level immunity status in the state/region and further, the vaccination may be restricted to bordering districts, animal markets, and check posts only, in the absence of the occurrence of outbreaks. However, some sporadic outbreaks may experience in some pockets, where mixing of the infected/ vaccinated and non-vaccinated animals gathering especially in the local market during transportation for trade and during nomad migration of animals.

			 

			Moreover, the prevalence of PPRV antibodies indicates either the subclinical or naturally infected and recovered animals and has specific implications in epidemiological perspectives since it highlights the prevalence under the natural non-vaccination situation. By employing the PPR c-ELISA (Singh et al., 2004b), it is not possible to distinguish the immune response due to either vaccination or PPRV infection, as the vaccine or the test used in the PPR-CP in India did not differentiate between infected and vaccinated animals (DIVA). Further, the role of the exposure to the PPRV in the observed higher proportion of seropositivity cannot be ruled out, as seroconversion is used in post-vaccination evaluation tools to monitor the success of vaccination (OIE and FAO, 2015). However, the earlier population surveys in the non-outbreaks reported Chhattisgarh state and in a few sporadic outbreaks reported Andhra Pradesh, Telangana, and Karnataka states indicated seropositivity above 55%, and the prevalence of PPRV antibodies, respectively implies vaccination is being implemented in the small ruminants population under the PPR-CP (Balamurugan et al., 2018, 2020b). Hence, the observed 64% prevalence of PPRV antibodies in the population indicates the population immunity level. The observed seropositivity level was concurrent to what has expected from post-vaccination evaluation status in Odisha, however, as the area is PPR endemic and risk zone, and animals are constantly being challenged with the virus either through natural infection or vaccination as reported earlier in northwest Ethiopia (Yirga et al., 2020). Therefore, seropositive animals and presumably many of the animals will be protected against future PPR outbreaks, though sporadic outbreaks are being reported in Odisha state. Moreover, overall, the higher PPR seropositivity was attributed to either access to government-funded PPR vaccination program or may be recovered infected animals.

			 

			Further, the observed seroconversion in sheep and goats was near to recommended levels by the OIE, that prevents virus circulation in endemic and high-risk areas (OIE and FAO, 2015). This indicates the PPR control vaccination strategy adopted has provided population immunity towards desired protection levels. The percentage prevalence of the PPRV antibodies in various epi-units is shown in Table 1. The proportion of epi-units should have at least 70% of the seropositive population for protection and vaccine and vaccination efficacy in the field condition as per PPR-GCES guidelines (OIE and FAO, 2015), however, in the present study, 60 % of the epi-units only had shown 70 % prevalence level of PPRV antibodies, which implies further intensive vaccination coupled with active surveillance programs to make this region a PPR free zone. For that, the mass vaccination program needs to be adopted in line with the OIE eradication pathway of PPR control strategies, as per the national strategic plan for eradication of PPR 2025, for eradication of PPR from India (Balamurugan et al., 2021). Moreover, Fournie et al. (2018) estimated a permanent herd immunity as low as 37% was suggested to be enough to prevent a PPR outbreak or restrict the spread of the virus in an endemic setting by fitting a metapopulation simulation model of a pastoral area in Ethiopia for disease control. This estimate corresponded with the observed results of the present study in Odisha (only three villages in Mayurbanjh district out of 28 villages /epi-units tested had only < 37 % prevalence), which showed the limited restricted spread of the virus in the state, as there were only a few sporadic outbreaks have been reported recently from Odisha (Kumar et al., 2017; Rath et al., 2020) including a few outbreaks reported from Cuttack and Khordha districts during 2020 and Kendrapara, Cuttack, and Nayagarh districts during March and April 2021 reported from Odisha as per outbreaks data obtained from state animal husbandry departments, Odisha (https://www.nivedi.res.in/Nadres_v2/). 

			 

			In general, the difficulty of maintaining an effective cold chain in remote rural areas and poor vaccine delivery can compromise the development of sufficient herd immunity in the vaccinated population (Yirga et al., 2020). Moreover, small ruminant populations are characterized by rapid turnover due to lambing/kidding, fecundity of animals, slaughter and sales of animals, etc., and this dynamic population turnover including the appearance of newborns animals may rapidly reduce the herd immunity acquired from vaccination programs upsetting efforts at controlling the disease. However, population turnover could vary in different seasons of the year and the timing of vaccination in relation to this seasonality of population turnover may have a critical impact on the maintenance of herd immunity in the inter-vaccination period (Hammami et al., 2016). High seroconversion was found with the flocks tested indicating a good herd immunity level for PPR, a finding consistent with reports from other states of the country as well as from other countries. However, to determine exactly the proportion of immune animals in the flocks or villages, after six to eight months after vaccination needs to be studied due to the impact of the sheep and goats dynamic population turnover along with optimizing vaccine schedules in the program with the frequency and timing of vaccination to maintain herd immunity.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			The present survey provides information on the status of PPRV antibodies in sheep and goats and associated possible host factors with the variation in the immunity levels observed in the epi-unit level in the studied areas. This generated population immunity of 64% evidence as a part of the post vaccination evaluation is paramount important for devising further effective control strategies towards the eradication of PPR. Hence, to achieve the desired cluster level immunity as envisaged in PPR-CP, the timely mass vaccination program in the designated period is to be carried out continuously to reach a 70-80 % herd level immunity status. Then, vaccination may be restricted to bordering districts, animal markets, and check posts only, to avoid circulation of PPRV among sheep and goats, to protect small ruminants from PPRV infection without the occurrence of sporadic outbreaks to improve animal and farmers welfare. The study also implies that the small ruminants population in only a few of the epi-units in the studied region were having less than 30 % seroprevalence, which necessitates further intensive vaccination and active surveillance programs to make PPR-free zone of Odisha within the stipulated period as per the national strategic plan for PPR eradication. Therefore, zoning the PPR risk regions and initiating vaccination at a specified period with complete vaccination coverage of all the risk populations in the identified zone is of paramount importance along with monitoring and surveillance. 
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Abstract | The serosurvey was carried out to determine the status of peste des petits ruminants virus (PPRV) antibodies
in sheep and goats in the rural system of Odisha state, India. The serum samples were collected along with host
parameters from various flocks in different epidemiological units in selected three districts in the study region from
January to February 2021. A total of 363 serum samples [sheep (n=130) and goats (n=233)] collected were screened by
indigenous PPR competitive ELISA kit for the detection of PPRV antibodies. The results revealed that the observed
prevalence of PPRV antibodies in sheep and goats was 92.0, 72.2, and 50.7 % in Balangir, Kalahandi, and Mayurbhanj
districts, respectively. An overall 63.91 % (95% CI: 58.85-68.68) prevalence of antibodies were observed in small
ruminants with 59.23 % (95% CI: 50.64 - 67.29) in sheep and 66.52 % (95% CI: 60.24 — 72.27) in goats, as all the
districts in Odisha adopted the PPR vaccination in both sheep and goats. Further, the results of the multivariable
logistic regression analysis revealed that species and districts were significantly associated with the prevalence of PPRV
antibodies. The observed seroconversion was near to the recommended (70-80 %) level by the world organization for
animal health (OIE), which indicates the existing PPR vaccination strategy has provided desired protection levels.
However, in the present study, only ~ 60 % of epi-units in three districts, had shown >70 % prevalence of PPRV'
antibodies, which demands further intensive vaccination coupled with active surveillance programs to make this region
a PPR free zone. For that, the mass vaccination program needs to be adopted in line with the OIE and the national
strategic plan for PPR eradication 2025, for elimination of PPRV from India.
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INTRODUCTION and goats and other related wildlife small ruminants

species. The disease causes the highest death among

Peste des petits ruminants (PPR) is a contagious, various infectious diseases that limit the optimum
economically important, World Organization for productivity of sheep and goats in the world. Most of
Animal Health (OIE) notifiable, morbillivirus (small the sheep and goats are reared by poor sections of rural
ruminant morbillivirus-SRMV ) infecting disease of sheep ~communities for nutrition, livelihood, and financial needs
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