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Abstract

A comprehensive study was conducted for the Brucella melitensis detection in sheep and goats by Rose Bengal plate test (RBPT), Serum Agglutination Test (SAT) and PCR. For this purpose, 250 samples each of blood and serum were collected from female sheep and goats at different livestock research farms of Punjab, Pakistan. RBPT was initially performed for screening which revealed nine positive samples. Out of these nine positive samples, five were goats and four were sheep. Then these samples were further carried to SAT which detected six positive (4 goats and 2 sheep) samples. By SAT, other three samples which were positive in RBPT gave the dilution below 1:40 which is considered to be negative. By the simple PCR, twelve samples were found positive of which seven were goats while five were sheep. One each of sheep and goat found negative by SAT were positive by PCR. RBPT was found less sensitive and more specific while SAT was less specific and more sensitive in detecting Brucella specific antibodies. The invariability of the sensitivity and specificity of RBPT and SAT in sheep and goats suggested that no single test was recommended for the accurate diagnosis of brucellosis. Hence  the  combination of both these tests is  recommended  for  initial  screening  followed by  the  confirmation  through  PCR  for culling.
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INTRODUCTION
Brucellosis  has  been  an  emerging  and  re-emerging  disease  of  domestic  animals  since  the discovery of Brucella melitensis by Bruce in 1887.( Gupta et al., 2006; Salama et al., 2011). This peril with  the  synonyms of Bang disease and Malta fever is one of the five common bacterial zoonosis in the world caused by organisms belonging to the genus Brucella,  a  gram-negative,  non-spore-forming, facultative,  intracellular  bacteria  (WHO,  1997).

This airborne pathogen is classified as a biosafety level III pathogen  and  is  considered  to  be  a  potential bioterrorist  (Greenfield  et  al.,  2002; OIE, 2000; OIE, 2004).  Following penetration of  the mucosal epithelium,  the bacteria are transported, either  free or within phagocytic cells,  to the regional lymph nodes, spleen, liver, bone marrow, mammary glands, and sex organs and start multiplying there  (Cutler  et  al.,  2005; Omer et al.,2000;Omar et al., 2001 ).

The diagnosis of brucellosis in goats is difficult to establish. Even the diagnostic tool, the SAT, may give the misleading diagnosis. One of the major diagnostic problem results from the similarity of O antigenic side chain of Brucella LPS with other microbes e.g. E. coli and Yersinia (Garin et al., 2006). Isolation of Brucella organisms from the suspected animal is the golden standard in terms of specificity. However, this method has a limited sensitivity, expensive and cumbersome and has the added difficulty of being unpractical to apply on a large scale in disease controlling campaigns. Accordingly, the indirect diagnosis of disease based on serological tests is the method of choice in the eradication programs (Hussein and Awad, 2007; Celebi and Atabay, 2009).The standard Rose Bengal Plate Test (RBPT) and Complement Fixation (CFT) tests are the main serological tests used to detect antibodies against B. abortus and B. melitensis.  Both tests have been used for several decades, proving to be successful for eradicating bovine brucellosis in some countries. Nevertheless, there is evidence that both tests are significantly less effective for the diagnosis of brucellosis in sheep and goats than in cattle (Shringi et al., 2002). Classical serological techniques rely mainly on the detection of antibodies to lipopolysaccharide (LPS), giving rise to false-positive reactions due to cross-reactivity with LPS from other bacterial species. Other drawbacks of anti-LPS antibodies have generated an increasing interest in the detection of antibodies to alternative antigens, mainly outer membrane proteins (OMPs) and cytoplasmic proteins (Shringi et al., 2002). Nucleic acid-based detection methods, such as PCR, are very promising tools for diagnostics. This study describes the evaluation of a single step PCR for the detection of the gene encoding a 31 kDa B. abortus antigen of Brucella in whole blood and a comparison of its performance against other conventional serological tests
                                              MATERIALS AND METHODS

Sample Collection: A total of 250 samples of blood from female sheep and goats with history of abortion were collected from government farms of Punjab province. Sera used for serological examinations were separated from whole blood samples (5 ml without anticoagulant) collected by jugular venipuncture. Another 5 ml sample whole blood sample from each animal was collected with EDTA as anticoagulant for the PCR analysis. 
Serological tests

Rose Bengal Plate Test (RBPT): Serum samples were first screened by Rose Bengal plate test (RBPT). Briefly, an equal volume (30 μl) of the RBPT antigen and serum was mixed on a clean glass slide and shaken gently. Formation of agglutination after 4 min was accepted as positive result (OIE, 2000).
Serum Agglutination Test (SAT): RBPT positive samples were further confirmed by SAT (Hussein and Awad, 2007). Phenol saline solution (0.8 ml) was added in first test tube and 0.5 ml in the other five test tubes. Test serum (0.2 ml) was added to the first test tube and a serial two-fold dilution (1:5 to 1:160) from first to 6th test tube was made. Concentrated antigen of 0.5ml was added to all test tubes. Seventh and eighth test tubes were kept as positive and negative control. After mixing, the test tubes were incubated at 37ºC for 24 hour and sedimentation was noted.
Polymerase chain reaction (PCR): DNA was extracted by using Genomic DNA Purification Kit (Fermentas Inc., USA) following the instruction of manufacturer. The DNA extracted from blood samples was stored at -20oC till used for PCR. PCR assay for the detection of Brucella spp. was carried out as described by Vizcaino et al.(1996) using primers 5’-TGACAGACTTTTTCGCCGAA-‘3(forward) and 5’-TATGGATTGCAGCACCGC-‘3 (Reverse) that were chosen from within the coding sequence of a gene (Table 1)
Table 1: Oligonucleotide sequence (Vizcaino et al., 1996)               
	PRIMERS SET FOR SIMPLE AMPLIFICATION

	Primers
	Primer Sequence
	Product Size
	Target region

	Forward
	5’-TGACAGACTTTTTCGCCGAA-‘3
	223 bp
	Omp 31(outer membrane protein)



	Reverse
	5’-TATGGATTGCAGCACCGC-‘3
	
	


Simple PCR amplification was carried out in 50µl reaction mixtures containing 5µl DNA sample, 4µl buffer (50 mM KCl, 10 mM Tris–HCl) (pH 8.3), 5µl of 1.5 mM MgCl2, 5µl of 200 µM dNTP, 1.6µl of 20 pmol of each primer and 0.3µl of 0.5U Taq polymerase enzyme (Fermentas Inc., USA) and 27.5µl deionized water. Temperature cycling was performed for the amplification in a thermocycler and involved following steps: Denaturation of DNA was performed at 94ºC for 5 min in the first cycle. In the next process; 94ºC for 1 min (denaturation), 58ºC for 1 min (annealing), 72ºC for 2 min (extension), and the last cycle was 58ºC for 1 min (annealing) and 72ºC for 8 min (extension). The DNA was analyzed by Agarose Gel Electrophoresis. 
Data analysis: The data obtained was statistically analyzed through Chi-square test using STATA-10 statistical software (table 2).The sensitivity and specificity of each test was determined using the formula as follows (table 3)

Sensitivity = True positive/True positive + false negative x 100

Specificity = True negative/True negative + False positive x100
RESULTS
Serum samples from 250 sheep and goat at different  livestock farms of Punjab In this study both RBPT and SAT detected 9 (3.6%) and 6 (2.4%) positive cases, respectively. Out of nine positive samples detected by RBPT five were goats while four were sheep. Similarly four goats and two sheep were declared positive by SAT. PCR testing was able to detect higher number of positive samples which were twelve (4.8%) than all examined serological assays (Table 2), amongst them seven were goats while five sheep. Moreover, PCR was able to identify two additional numbers of positive samples which were serologically negative by SAT. On the contrary, although, PCR amplification was able to detect all serologically positive samples, it failed to identify one sample detected positive in the RBPT (Table 3).
RBPT was found less sensitive and more specific while SAT was less specific and more sensitive in detecting Brucella specific antibodies


Data showed non-significant (P>0.05) difference in the sensitivities of tests applied. Therefore, no single test is recommended for the diagnosis of brucellosis in sheep and goats. PCR showed more sensitivity for B. melitensis. We can conclude that PCR provides a definite diagnosis of brucellosis but even then it is not practically used for brucella screening in large numbers of animals because of quality control measures for PCR to be required, sample contamination, time consumption and high cost.
DISCUSSION
Detection of ovine brucellosis can be proven problematic due to the sharp decline in serum titers of some infected animals after infection, or due to lack of reactivity in the commonly used serological tests (Salama et al., 2011). Since diagnostic errors occur, these criteria can only be implemented if a gold standard test is used to detect the true disease status of the animals. Isolation of Brucella could be the gold standard as it unequivocally establishes the cause of infection. However, bacteriological isolation cannot always be relied on to prove the presence or absence of the disease in individual animals especially in the blood of live animals (Garin et al., 2006). The presumptive diagnosis provided by the serological tests, is usually accepted as indication of brucellosis. Although it can only detect IgM and IgG2 and fails to detect IgG1 (Gupta et al., 2010).This may explain the lower number of positive samples detected by SAT (27%) in comparison to other serological tests used. On the other hand, as RBPT assay can detect antibodies of classes IgG1 and IgM against surface antigen lipopolysaccharides (LPS) of smooth Brucella (Radostits, 2000). It was able to detect higher number of positive samples (29.3%). Indeed, this test is internationally acknowledged as the choice for the screening of brucellosis in small ruminants (Merino and Martinenz-Sorino, 2000). However, due to cross reactivity between these antigen with other bacterial species including Yersinia enterocolitica 0:9 and Escherichia coli serotype O: 157 (Hussain and Awad, 2007), RBPT may suffer higher rates of false positive results than other serological tests (Akhtar et al., 2010). Amplification of microbial DNA from clinical samples offers the potential for rapid, sensitive and specific identification of pathogens, either directly from tissues or body fluids or after culture of such samples (Gupta et al., 2006). Indeed, from our results PCR amplification was able to identify several other positive samples in addition to all the samples detected by the serological assays. This may be due to that these animals were in an early stage of infection, while antibodies titers produced are still low to detect. On the other hand, PCR detects the causal agent itself found in the bloodstream as previously reported by (Nasir et al., 2000). These results indicate the higher sensitivity of PCR which could be especially useful during early infection. The failure of PCR amplification to detect a few number of samples (6 samples in RBT and one sample in SAT) could be explained by the presence of PCR-inhibitory compounds, such as EDTA or heparin used as anticoagulants in blood samples or heme compounds from hemolized erythrocytes which often co purify with DNA in the extraction process as reported by (Salama et al., 2011). Another possible explanation is the presence of a problem in the specificity of these serological tests (false positive) such as cross reactivity with other Gram-negative bacteria, mainly, Y. enterocolitica O: 9 as mentioned by (Garin- Bastuji et al., 2006). This agrees with the results of (Gupta et al., 2006) in  goats’ blood and milk where PCRs showed higher  sensitivity and  specificity  of  93  and  100%,  respectively than that of both SAT and dot-ELISA (71 and 86%, respectively). These results were similar to the results of bacteriological detection methods which have been proven to be the most reliable and the only unequivocal animal brucellosis diagnostic methods (Hamdy and Amin, 2002).  This makes it a valuable tool in the diagnosis of ovine and caprine brucellosis as it is more specific and sensitive than other serological tests especially in the early stages of infection when the bacterial number is less in blood. 
CONCLUSION 
The invariability of the sensitivity and specificity of RBPT and SAT  in sheep and goats suggested that no single test was recommended for the accurate diagnosis of brucellosis however  the  combination of both  is  recommended  for  initial  screening  and afterwards  the  confirmation  by  PCR  is  needed  for culling. Moreover, in our circumstances PCR cannot be used as initial screening tests for large herds because of high cost and time consumption as compared to other two tests. PCR  is always more reliable as compared to serological tests  therefore serum PCR is highly recommended as a reliable tool along with initial screening by RBPT and SAT for the diagnosis of caprine / ovine brucellosis
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Figure1. Electrophoresis on 1.5% agarose gel and ethidium bromide staining, showing the results of PCR procedures.PCR assay for detection of Brucella Spp in sheep and goat blood. Lane 1: 100bp DNA marker; lanes 3–5: positive blood sample DNA PCR; lane2: positive control; the 223-bp PCR product is indicated.
 (LI = 100 bp DNA Ladder, L2 = Positive Control, L3, L4, L5 = Positive Samples)

Table 2: Evaluation of RBPT, SAT and PCR for diagnosis of Brucellosis

	PCR (%)
	RBPT (%)
	SAT (%)
	

	12 (4.8 %)
	9 (3.6%)
	6 (2.4%)
	Positive

	238 (94.8%)
	241 (96.4%)
	244 (97.6%)
	Negative 


Values within each row did not differ significantly (p<0.05) This is not Stat. You have to provide Chi square value, df and P values for each parameter (PCR; RBPT and SAT) 
Table3.  The calculated accuracy, Sensitivity and specificity of blood PCR with RBPT and SAT 

	Test 
	          RBPT
	          SAT

	
	

	Positive (+)
	Negative (-)
	Positive (+)
	Negative (-)

	PCR
	+
	8
	4
	6
	6

	
	_
	1
	237
	0
	238

	Results for RBPT and PCR: Accuracy (98%), sensitivity (89.2%), specificity (98%)

Results for SAT and PCR: Accuracy (97.6%), sensitivity (100%), specificity (97.5%) (Bacterial culture was used as Gold standard)
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