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Abstract 
This paper reports the findings of evaluation of Haemagglutination Assay (HA) for initial diagnosis of Peste des Petits Ruminants (PPR) in sheep and goats.  A total of one hundred faecal samples were collected during an outbreak of PPR which were subjected to HA and subsequently RT-PCR. HA produced more positive results (77/100; 77%) as compared to RT-PCR (29/100; 29%). Kappa analysis indicated no agreement between HA and RT-PCR (-1.5159). In this study we found that HA is a non-specific test for initial diagnosis of PPR in small ruminants. Therefore, other sensitive and specific laboratory test should be used for initial diagnosis of PPR. 
Introduction 
Peste des Petits ruminants (PPR) or goat plague is highly contagious and disastrous viral disease affecting small ruminants specially goats. The disease is caused by Peste des Petits Ruminants virus (PPRV) that belongs to genus morbillivirus of family Paramyxoviridae (Zahur et al., 2009). Viruses like PPRV, Rinderpest virus (RPV), Canine distemper virus (CDV) are closely related and have immunological cross reaction (Barrett et al., 2005). PPR is a Transboundary Animal Disease (TAD) having major economic importance. The disease has detrimental effects to whole of the susceptible host population by provoking epidemics and pandemics (FAO, 1999). It is one of the serious notifiable diseases of the World Organization of Animal Health (OIE) (Raghavendra et al. 2008). The morbillivirus possesses genome of 16 kb in length and consists of six structural proteins (N, P, M, F, H and L) in the order of 3′-N-P(C/V)-M-F-H-L-5′ (Bailey et al., 2005). In addition, there are two non-structural proteins (C and V) (Mahapatra et al., 2003). At the start of infection process, the virus binds through Haemagglutinin (H) protein of the host cell receptor. After attachment the H protein stimulates the fusion of host cell membrane with the viral envelop forming the viral RNP complex in the cell cytoplasm. In particular H and in general F are known to be the most important proteins for the induction of immune response in host against virus (Barrett et al., 2005). Diagnosis of this disease may be carried out using different laboratory techniques like virus isolation, detection of PPRV antigen, detection of genome and nucleic acid sequencing and detection of specific antibodies in serum (Diallo, 2006). (Wosu, 1985) described that PPRV and MV are the unique among morbiliviruse that contains Haemagglutination activities and also demonstrated that tissue homogenate from PPR affected animals could agglutinate piglet red blood cells RBC’s. HA is a very simple, quick, cheap and can easily performed in any less equipped laboratories. (Ezebie, et al., 2004). H protein of PPR virus causes the agglutination of red blood cells. The two epitopes of the H protein of the PPRV are act as immune dominant epitopes so H protein of the PPRV is responsible for attachment to cell surface as well as agglutinates erythrocytes. This H protein is also helps for budding out the virus by cleaves sialic acid residues. (Munir, M at al., 2013) Effects of different conditions on HA activity was also standardized by Ezebie, et al., 2004. Ramachandram, et al., (1993) confirmed that PPRV can cause agglutination of RBC’s of some animal species.  Bearing in the mind the importance of early diagnosis of PPR to reduce the detrimental effects of PPR outbreak a study was aimed to evaluate the HA test for initial confirmation of PPR disease. 
Material and Methods
Antigen 
Faecal samples (n=100) were collected from goats during investigation of an outbreaks of PPR. Faecal samples were collected directly from rectum and properly numbered and put into a cool box for transportation to Animal Health Research Laboratories (AHRL) at National Agricultural Research Center, Islamabad. Samples were kept at -20 0C for long time storage. For processing of samples weigh 1 gram of faecal sample. Put into a falcon tube containing 3 mL of Phosphate Buffer Saline of pH 6.8. Mix it thoroughly; this process was done with all collected samples. Falcon tubes were kept at -20 0C for 12 hours for incubation. After incubation tubes were kept at room temperature for thawing. Centrifuged the homogenate at 15,000 rpm for 15 minutes at 4 0C. Supernatant was collected in cryovials given specific number and kept at -200C for further used as antigen. 
Positive Control
A local isolate of PPR virus (PAK-KP1-06/NARC3) obtained on Vero cell culture was used as positive control for HA test.  The isolate was serially passaged on Vero cells up to 12 passages. The HA activity of the PPR virus was monitored after each passage on Vero cells using 0.6% chicken RBCs. The highest HA tire (1: 1024) was obtained after 12th passage.
Diluents 
Phosphate Buffer Saline (PBS) of pH 6.8 was used as diluent and washing of Red blood cells. 

Red blood cells 
Blood was collected in heparinized vacutaniner from SPS chicks. For washing of RBC’s, collected blood was transferred into falcon tube containing PBS of pH 6.8 and centrifuged at 2000 rpm for 10 minutes. Supernatant/serum discarded and same amount of PBS was added as remained blood cells in the tube. Repeated these step three (03) times. The cells have now formed a pellet after being washed three times and centrifuged. Remaining Volume of RBCs pellet was measured.  1 % concentration of RBC’s was used as described by Wosu (1985). 
RNA extraction
Total RNA was extracted from 140 µl of homogenate of faecal material infected with PPRV by using RNeasy kit (Qiagen GmbH, Hilden, Germany) for detection of any possible contamination negative control was also included during extraction. The extraction of RNA was performed according to manufacturing instructions. Elusion of extracted RNA was done in 40 µl of nuclease free water and stored at -800C until further used. The quantity and purity of extracted RNA was determined either by using Nano drop (Nano Drop 1000, Thermo scientific, Wilmington, DE, USA) or by spectrophotometrically. PPR Virus strain Nigeria 75/1 was used as control in RT-PCR to confirm the successful extraction of viral RNA. (Balamurugan et al., 2012)  
Haemagglutination (HA) Test
The HA test was performed as described by Wosu (1985) and Ezeibe et al. (2004). Briefly, two fold serial dilutions of each of PPR virus suspension (Faecal samples supernatant) was made in 50 µl of sterile agglutination buffer (PBS, pH 7.2) in U bottom microtitre plate. Then a 50 µl 1% of chicken RBCs were added in each well. The positive and negative controls were included in each plate. The negative control wells included 50 µl PBS and 50 µl of 0.6% RBCs.  The plates were incubated at 4 0C for 45 minutes following Burleson et al, (1992). All samples were performed in duplicate. 
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 
The amplification of extracted RNA was done using PPRV specific primers based on Nucleoprotein (N) gene (Forsyth and Barrett, 1995). 2.5 µl of extracted RNA was used for amplification by one step RT-PCR. Each 25 µl reaction mix tube contained QIAGEN one step RT-PCR buffer 5X with 12.5 mM MgCl2, 2 µl of enzyme mix, 10mM of each dNTP’s, 5 unit of RNAs inhibitor and 25 pm forward and reverse primers.  Following PCR conditions were applied: an initial reverse transcription for 30 min at 500C, a PCR activation for 5 min at 95 ◦C, 30 cycles of amplification (1 min at 95 ◦C, 1 min at 50 ◦C, and 2 min at 72 ◦C), and a final extension step at 72 ◦C for 10 min. The amplification was performed in a 9902 thermal cycler (Applied Biosystems, Courtaboeuf, France). The amplified PCR products were electrophoresed in 1% agarose gel at 120 V for 15-20 minutes. The expected band size was 351bp (Davies et al., 1994)
Data Analysis 
One hundred samples were collected from small ruminants suspected of suffering from PPR. From each animal faecal sample were collected. Faecal homogenates were by HA as well as tested using RT-PCR. The amount of agreement between the results of two tests was determined by Kappa statistics (Dohoo, 2009).  Receiver operating characteristic (ROC) curve of sensitivity was plotted against 1-specificity and area under curve was calculated (Thrusfiled, 2005) by using STATA 11.2 software Figure 1.  

Results 
Haemagglutination Test and RT-PCR
A total of n=100 PPR infected faecal samples homogenates were subjected to HA and RT-PCR. 
Data Results
The HA test showed a poor agreement with RT-PCR. Of the 100 samples tested, both tests agreed on the status of 38 samples; 22 were positive by both tests and 16 were negative by both tests. However, both tests showed a greater disagreement; of 77 samples that were positive by HA, only 22 were positive by RT-PCR too. Similarly, HA declared 23 samples as negative; of these 23, only 16 were negative by RT-PCR too Table 1. These findings suggest a poor sensitivity and specificity of HA tests for detection of PPR antigen in faecal samples as is evident by the area under curve in ROC (0.492) Figure 1.  
Table 1 showing the total number of samples positive by HA and RT-PCR
	HA Results
	RT-PCR
	Total

	
	0
	1
	

	0
	16
22.54
	7
24.14
	23
23.00

	1
	55
77.46
	22
75.86
	77
77.00

	Total
	71
100.00
	29
100.00
	100
100.00


Pearson Chi2 (1) = 0.0299   Pr = 0.863
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Figure 1: Area under curve ROC




Discussion 
Peste des Petits Ruminants (PPR) is one of the most devastating diseases of small ruminants. The disease is caused by PPR virus belonging to genus Morbillivirus of family Paramyxoviridae. It is a highly transmissible and frequently fatal disease of sheep and goats (Gibbs et al., 1979). 
HA test is very easy, cheap and effective method for the diagnosis of viral diseases (Johnson and Ritchie,1986). Various diagnostic tests have been used now a day for the confirmation of PPR like ELISA and RT-PCR. These tests required skilled personals and sophisticated laboratory. HA test can be done in any less equipped laboratory. 
In this study it was found that PPR homogenate antigen agglutinates chicken RBC’s. These findings are agreed with Wosu (1985) who explained that PPRV and Measles Virus (MV) are the unique among morbiliviruses that contains haemagglutination activity he also demonstrated that tissue homogenate from PPR affected animals could agglutinate piglet red blood cells (RBC’s).
The factors which affect haemagglutination (HA) like blood groups, diluent and temperature were also investigated by (Ezeibe et al., 2004). In our study we used chicken RBC’s for agglutination of PPR virus. These results are also concurrence with Ezeibe et al. (2004). 

Manoharan, S. et al.  (2005) found that HA assay is specific and may be used for initial diagnosis of PPR in less equipped laboratories. But none of the above authors have evaluate HA with standard laboratory test for initial confirmation of the disease. In this study it was observed that 77% of samples found positive by HA test while 29% of same samples positive by RT-PCR. Our findings showed that HA is non-specific test for initial confirmation of PPR virus. Therefore, other test should be employed for this purpose.  
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