Evaluation of the Diagnostic Potential of Different Immunological Techniques using Polyclonal Antibodies against Fasciola gigantica Excretory/Secretory Antigens in Sheep
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The early detection of Fasciola antigens (Ags) in serum or stool could be more valuable in diagnosis; hence early treatment would be applied before irreparable damage occurs. In this study, fresh adult Fasciola gigantica (F. gigantica) worms were collected, and incubated in culture medium. The collected medium was used to extract partially purified excretory/secretory (E/S) Ags which were injected in rabbits to raise specific polyclonal antibodies (pAb) against Fasciola spp. The purified antibodies (Abs) were further used as primary capture to coat enzyme-linked immunosorbent assay (ELISA) plates. Sandwich ELISA (S-ELISA) was performed to detect Fasciola Ags in both serum and stool samples collected from a total of 152 sheep, while sandwich-Dot-ELISA (S-D-ELISA) was performed for the serum samples. Gross inspection of liver for flukes or other parasites was performed and results of parasitological stool examination were recorded. Accordingly, sheep were divided into healthy control group (25 sheep), Fasciola positive group (97 sheep) and other helminthic infection groups (30 sheep). S-ELISA for serum samples showed 91.9% sensitivity and 89% specificity. Fasciola Ags, detected in serum of sheep by S-D-ELISA, showed 97.2% sensitivity and 95% specificity and coproantigens detected by S-ELISA, showed 95.8% sensitivity and 92.7% specificity. Although, the specificity of stool examination was higher than that recorded for serum, the sensitivity of ELISA techniques to diagnose Fasciola Ags was higher than that recorded for parasitological examination. It was concluded that, S-D-ELISA has better sensitivity and specificity than S-ELISA for both stool and serum, and that may have important field applications.
INTRODUCTION


Fascioliasis is one of the most important zoonotic diseases of sheep and cattle. The disease has a cosmopolitan distribution, being prevalent in most sheep-raising countries (Froyd, 1975; Malone, 1997). It is now emerging as an important chronic disease of humans (Arjona et al., 1995; Mas-Coma et al., 1999; Haseeb et al., 2002). Early diagnosis of fascioliasis is necessary for institution of prompt treatment before irreparable damage of the liver occurs (Rokni et al., 2004).

        Both stool examination and serological methods are applied in the diagnosis of human

fascioliasis. Parasitological diagnosis  based on the detection  of the parasite ova  in stool is
often difficult, insensitive, and unreliable method. It is known that Fasciola worms excrete

eggs  in  an  irregular manner. In addition, clinical findings of  the disease  may appear long

before egg can be found in stools (Tsang and Wilkins, 1997; Hillyer, 1999). Attempts have

been made to diagnose human fascioliasis by detecting Abs in the serum of patients (Maher
et al., 1999; Maleewong et al., 1999; Ortiz et al., 2000; Raadsma et al., 2007). Advances in

immunodiagnosis have  focused on detection of parasite Ags in host body fluid; these tests

have  an advantage over antibody detection because antigenimia implies recent  and  active

infection (Cornelissen et al., 1999; Attallah et al., 2002). Various serodiagnostic techniques

such  as  immunoflurescent assay  (IFA), indirect  hemagglutination  (IHA) (Hillyer, 1993),

and  immuno-electrophoresis (Capron et al., 1964), although  they  are  very  specific, have

limited sensitivity. The diagnosis was improved by the development of ELISA assay, using

crude  extracts  (Knobloch  et  al., 1985), E/S  products  (Rivera Marrero et al., 1988),  and

purified  or  recombinant molecules such  as cathepsin L1 (O'Neill et al., 1998)  and  by the
detection  of  circulating  Ags  and  coproantigens  by  S-ELISA  (Dumenigo  et  al., 1996; 

Espino  et  al., 1998). ELISA  is  highly sensitive and specific test  (Hillyer, 1993;  Hillyer  

and  Soler  de Galanes, 1988), although,  the  disadvantage  of  ELISA technique for field

studies  is  the  requirement for  a spectrophotometer. A spectrophotometer  is not required

with  S-D-ELISA, a modification  of  ELISA technique, which has been evaluated for the

immune  diagnosis of animal and human fascioliasis using  different  Ags  (Shaheen et al.,

1989; Youssef and Mansour, 1991; Castro et al., 2000).  The E/S Ags of Fasciola sp. or

their  partially purified components  are  the commonest source of Ags used  in protection
trials  and  serodiagnosis  (Gönenp  et  al., 2004;  Anuracpreeda  et  al.,  2006). This work
reports the  use  of  the  S-ELISA assay and its modification as S-D-ELISA for the sero-

diagnosis of sheep fascioliasis employing purified anti F. gigantica E/S pAb.
MATERIALS AND METHODS
1. Animals:

 
Four New Zealand white male rabbits (4 months old) weighing 3 kg each. They were obtained and housed in the Schistosome Biological Supply Program, Theodore Bilharz Research Institute (SBSP, TBRI), Giza, Egypt. They were kept under standard laboratory care at 21oC, 45-55% humidity, distilled drinking water, diet 24% protein and 4% fat. 
2. Parasites:


Adult live F. gigantica worms were obtained from local abattoir. Fresh bovine livers were dissected and worms were collected from biliary tracts and gall bladders.
3. Samples collection:


Sera and feces samples were collected randomly from groups of sheep before being slaughtered at the Giza slaughter-house. Medical examination and liver biopsy were carried out to detect the presence of Fasciola worms in sheep livers. Sheep free of Fasciola worms or other parasites were used as healthy controls in the present study.
3.  Parasitological examination:
Kato-Katz concentration technique (Martin and Beaver, 1968) and formal-ether sedimentation technique (Magambo et al., 1998) were performed for all stool samples in order to identify Fasciola eggs or other helminthic ova. 

4. Preparation of crude E/S Ags:


Mature F. gigantica flukes were collected, washed many times with phosphate-buffered saline (PBS, pH 7.4), and incubated for 16 hour (hr) at 37oC in RPMI 1640 (pH 7.3) (Sigma). After incubation, the suspension was collected and clarified by centrifugation at 10.000 rpm for 30 min at 4oC according to Hillyer and De-Ateca (1979). Supernatant (E/S) was collected and concentrated by ultra-filtration using Amicon 8400 membrane filter (Grace Co., Danvers, Ma), then, dialyzed against distilled water (dist. H2O) containing the proteinease inhibitors (PMIS, Aldrich, Sant Lois, USA) and stored at -40oC (Maleewong et al., 1999). Protein content of E/S Ags was measured by the Bio Rad protein assay kit (Bradford, 1976).

5. Preparation of purified anti-Fasciola E/S pAb:

Before immunization, rabbits were assayed by ELISA for Fasciola Abs and cross reactivity with other parasites. According to Guobadia and Fagbemi (1997), rabbits were injected intramuscularly (i.m.), with 100 µg crude F. gigantica E/S Ags mixed with equal volume of complete Freund's adjuvant (CFA, Pierce, Rockford, IL, USA). Then, 3 booster doses (0.5 mg E/S with equal vol. of incomplete Freund's adjuvant (IFA, Pierce) were given at one week intervals (Fagbemi and Guobadia 1995). One week after the last booster dose, the rabbit's sera were obtained and pAb fraction was purified by 50% ammonium sulphate precipitation method (Nowotny, 1979). More purification of pAb was performed by 4% caprilic acid method (Mickinney and Parkinson, 1987) and finally with gel-filtration (Laemmli, 1970). The produced IgG appeared in a very high degree of purity except for a few serum protein contaminants. Partially purified pAb was further adsorbed with fetal calf serum (FCS) to eliminate any non-specific binding with bovine antigen.
By modified S-ELISA (Engvall and Perlmann, 1971), the reactivity of pAb against different concentrations of F. gigantica E/S Ags was performed. According to Tijssen and Hurstak (1984), standardization of serial dilutions (2.5, 5, 10, 20 and 30 µg/ml) of purified pAb were evaluated by S-ELISA, then, the optimum concentration of pAb was conjugated with HRP by using periodate method (Allan and Craig, 1989). 
6. Sandwich ELISA:

The reactivity towards E/S Fasciola Ags of the Abs rose, in rabbits, against the purified E/S Ags, and the level of their reactivity with Ags from other parasites (Schistosoma, Echinococcus, Ancylostoma and Ascaris), were explored using S-ELISA. ELISA test based on the original method of Engvall and Perlmann (1971) was used with microplate modification of Nilsson (1990). Plates were coated with 100 ml/well of target purified pAb (20 µg/ml for IgG in carbonate buffer (0.06M, pH 9.6) and incubated overnight at room temperature. Plates were washed thrice with 0.1 M PBS/Tween-20, then, wells were blocked by 200 µl of 2.5% FCS (Sigma)/PBS/T-20 and incubated at 37oC for 2 hr after washing, 10 µg/ml of E/S Ags were put into wells and rewashed. 100 µl of peroxidase-conjugated pAb diluted 1/250 was added and incubated for 1 hr at room temperature. 100 ml of freshly prepared substrate solution (Phosphoric/citrate buffer as 1.02 g citric acid, 3.68 g Na2HPO4.12H2O in 100 ml dist. H2O) were dispensed in each well for 5 min. 50 µl from stopping buffer (4N H2SO4) were added to stop the enzyme-substrate over reaction. The absorbance was measured at 492 nm using ELISA reader (Bio-Rad microplate reader, Richmond, Ca). Cut off value was calculated according to Demerdash  et al. (1995) as the mean O.D reading of negative control+3 Standard deviation of the mean (mean + 3SD).
7. Sandwich dot ELISA:

To create a simple and rapid assay, S-D-ELISA described by Attallah et al. (2002) was modified to detect the circulating E/S-Fasciola Ags, using the rabbit IgG raised against the E/S. S-D-ELISA depends on the binding of anti-Fasciola pAb to a sensitive surface of nitrocellulose membrane (NC) as a capture matrix using Bio-Dot apparatus (BIO-RAD).  
The pre-wetted NC membrane was transferred to Bio-Dot apparatus and washed once with coating buffer (0.1 M carbonate buffer (pH 9.6). NC membrane was coated with 10-15 µl/well of serial dilutions of anti-E/S pAb. Membrane was washed 3 times with 100 µl/well of PBS/T then blocked with 10-15 µl/well of 5% skimmed milk for 45 min at room temperature. Negative, positive (E/S) and other parasitic Ags were applied, diluted (1:1-1:32) in diluent's blocking buffer, and incubated for 15-45 min. NC membrane was washed thrice with 100 µl/well of PBS/T, and 100 µl/well of the rabbit anti-Fasciola E/S HRP conjugate was added, and the membrane was incubated for 45 min.  The membrane was washed 5 times with 100 µl/well of PBS/T, then 2 times with PBS only, and immersed in freshly prepared 2% DAB substrate solution (diaminobenzidine tetra hydrochloride). The reaction was stopped after 30 min with cold dist. H2O. The color intensity was measured by the visual reading according to Figure (1).
8. Statistics:
All statistical analyses were performed using student's t-test. The data were considered significant if P values were equal to or less than 0.05. According to Galen (1980), standard formulas were used for calculation of sensitivity, specificity, percentage of positive and negative predictive values, also, false positive and negative rates.
RESULTS
1. Assessment, reactivity and standardization of purified rabbit anti-Fasciola E/S Ags pAb:

Purification of rabbit anti-Fasciola E/S Ags pAb was done by removal of most of albumin by using 12.5% SDS-PAGE technique under reducing condition, 50% ammonium sulphate-precipitated protein. Several bands of precipitated proteins were detected. Further purification of whole Igs by 7% caprilic acid precipitation removed the remaining non-IgG proteins. Purified IgG was represented by H- and L-chain bands at 31 and 53 kDa respectively. 
S-ELISA was performed to determine the reactivity of pAb which gave a strong positivity to Fasciola E/S till 1:250 dilution. The optimization of various reagents was assayed by S-ELISA. The minimum E/S concentration used was 3 ng/ml; the optimum concentration of purified IgG pAb was 20 mg/dl, whereas conjugated IgG pAb was found to be 10 mg/dl. 

2. Stool analysis for Fasciola infection (Kato):

Parasitological examination of sheep stool by Kato-Katz technique for detection and Fasciola eggs count was performed in total of 152 sheep. Results depicted in Table (1) showed that, Fasciola worms were evident in livers of 97 sheep, while Fasciola eggs were detected in 78 sheep (80.62%) with egg load ranging from 15.2-88 egg/gm stool. Other parasites including schistosomiasis, echinococcosis, ancylostomiasis and ascariasis were detected in 30 sheep. Presence of Fasciola worms in liver was used as our gold standard in succeeding experiments.
3. Detection of coproantigens in sheep stool by S-ELISA:

By screening coproantigens in sheep stool using S-ELISA, it was recorded that healthy controls were 100% negative. Whereas, patients with light infection were 90% positive. This percentage increased in moderate infection to 97.5% and heavy infection to 100%. On the other hand, other parasites infection showed cross reactivity by a total mean of 13% whereas, schistosomiasis (25%), echinococcosis (12.5%), ancylostomiasis (20%) and ascariasis was completely negative as shown in Table (2). 
4. Detection of circulating E/S Ags in sheep sera by S-ELISA:


As depicted in Table (3), it was evident that healthy control sera were 100% negative for Fasciola circulating E/S Ags. On the other hand, as the degree of infection increases from light to moderate to heavy, the percentage of positivity increases (83.3%, 92.5%, 100%) respectively. On screening the sera of sheep infected by other parasites, it was evident that there was a degree of cross reactivity giving a mean of 20% positivity. Schistosomiasis showed the highest cross reactivity of 37.5%, followed by ancylostomiasis (20%) then, echinococcosis (12.5%),  whereas, ascariasis was only positive (11.1%).

5. Detection of circulating E/S Ags in sheep sera by S-D-ELISA:


As shown in Table (4), the healthy controls were completely negative, whereas, light, moderate and heavy infection recorded 96.9%, 95% and 100%, respectively. In S-D-ELISA, cross reactivity was 12.5% for schistosomiasis and echinococcosis, but no cross reactivity was detected for ancylostomiasis and ascariasis.

6. Incidence of anti-Fasciola E/S pAb positivity in sheep sera using S- and S-D-ELISA:


Table (5) demonstrates a direct comparison between S- and S-D-ELISA in detecting specific Fasciola circulating E/S Ags in various degrees of infection. It was proved that, S-D-ELISA was more sensitive than S-D-ELISA at light and moderate infection and similar at heavy infection. Table also depicts the degree of cross reactivity between Fasciola E/S Ags and other parasite Ags. It was evident that, S-ELISA recorded a varying degree of cross reactivity for all other Ags. While, on the other hand, S-D-ELISA demonstrated a cross reactive data with only schistosomiasis and echinococcosis (12.5% for both). Thus, the mean cross reactivity recorded by S-D-ELISA was 6.25%, whereas, in case of S-ELISA was 20%.

7. Sensitivity and specificity of S- and S-D-ELISA for detection of E/S and coproantigens versus stool analysis:


As depicted in Table (6), it is evident that percentage of sensitivity for stool analysis was 79.38%, whereas, for detecting coproantigens and serum E/S Ags was 95.8% and 91.9% respectively, but S-D-ELISA demonstrated a higher percentage of sensitivity of 97.2%. As for percentage of specificity, stool analysis scored the highest percentage (100%) followed by S-D-ELISA (95%), then S-ELISA recorded for coproantigens (92.7%) and the least (89%) for serum E/S Ags.
DISCUSSION
         Parasitic helminthes present a mosaic of immunogenic epitopes to their hosts and evoke complex cellular and humoral immune responses (Aronstein et al., 1986). Diagnosis of fascioliasis, schistosomiasis and many other parasitic diseases in endemic areas depend mainly on the microscopic detection of eggs in the stool or urine (Barreto et al., 1990). However, Fasciola eggs may be found in the stools of uninfected patients who have eaten  raw infected liver, leading to false positive diagnosis (Bhamarapravati et al., 1983; Arora and Arora, 2005).

Several assays of immunoserological diagnosis of human fascioliasis, based on the detection of specific Abs, have proved to be very useful for diagnosis of fascioliasis. ELISA was evaluated by several investigations as a specific technique of high sensitivity for detection of F. gigantica Abs (Bossaert et al., 2000; Ruis et al., 2003; El Ridi et al., 2007). However, direct diagnostic techniques to demonstrate the presence of the fluke itself have been developed (Dumenigo et al., 1996; Estuningsih et al., 1997; Dauchy et al., 2006; Espinoza et al., 2007). 


Advances in immuno-diagnosis have recently focused on detection of parasite Ags in hosts body fluids (Cornelissen et al., 1999; EL-Kerdany et al., 2002; Velusamy et al., 2004). The E/S Ags of Fasciola spp. or their partially purified components are the commonest source of Ags used in serodiagnosis (Gönenp et al., 2004). Rokni et al. (2004) compared the diagnostic potential of crude somatic Ags and E/S Ags using enzyme linked immunotransfer blot (EITB) technique. The sensitivity and specificity values for somatic Ags were 91% and 96.2% respectively, as for E/S Ags, these percentages were 95.2% and 98% respectively. On the other hand, Shaker et al. (1994) and Mezo et al. (2004) found that, ELISA was 100% sensitive and 93% specific for detecting circulating Fasciola Abs using purified somatic Ags. But, Rodriguez-Perez and Hillyer (1995) determined that E/S Ags were more specific than somatic and surface Ags for serodiagnosis of fascioliasis in sheep. 
In the present study, E/S Ags were target Ags for detection by prepared pAb in both S- and S-D-ELISA assay to determine the more sensitive test to be used as a diagnostic test. S-ELISA performed on coproantigens showed a sensitivity of 95.8% and specificity of 92.7%, while, stool analysis was 79.38% sensitivity and 100% specificity. Thus, in the previous context stool analysis proved better specificity (Table 6) as was reported by Youssef et al. (1991)  and El-Bahy et al. (1992). On the other hand, comparing the final results between detecting circulating E/S Ags and coproantigens using ELISA technique, it was proved that coproantigens were better targets (95.8% sensitivity and 92.7% specificity) than circulating Ags (91.9% sensitivity and 89% specificity). 
Comparing S- and S-D-ELISA techniques in detecting circulating E/S Ags in naturally infected sheep proved that S-D-ELISA recorded higher positivity specially in low (83.3% and 96.6%, respectively) and moderate infections (92.5% and 95%, respectively)(Table 5). Data showed that the intensity of infection defined the percentage of positivity of the test results. High infection was 100% specificity in case of both S-and S-D-ELISA, similar results were introduced by Silvana et al. (2001). 

A degree of cross reactivity was revealed in the present study between F. gigantica, circulating E/S Ags and other parasites with varying degrees. This was more obvious in case of S-ELISA, where cross reactivity ranged from 11.1% to 37.5% with a mean of 20% being highest in case of schistosomiasis (37.5%). While, on the other hand, S-D-ELISA avoided to a great extent this default as it recorded cross reactivity only with schistosomiasis (12.5%) and echinococcosis (12.5%). Similarly, cross-reactive Ags were shared between Fasciola and many parasites, namely Schistosoma and Echinococosis (Hillyer and Soler de Galanes, 1991; Espino and Finaly, 1994; Hassan et al., 1995; Itapan et al., 2003).
Thus, it is to be concluded that S-D-ELISA is a more sensitive and specific test for diagnosing fascioliasis than S-ELISA, especially in case of light and moderate infection, denoting that it could detect the infection at earlier stages.  Besides, it is a more feasible test in the field.
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Table (1): Stool examination of sheep for Fasciola egg count 

	Sheep groups
	Ova Count (mean ± SD)

	Healthy control (n = 25)
	_

	Light infection (n = 30)
	15.2 ± 20.8

	Moderate infection (n = 40)
	37.4 ± 79.3

	Heavy infection (n = 27)
	    88 ± 176.2

	Other parasites (n = 30)
	_


Table (2): Detection of coproantigens in sheep stool by S-ELISA

	Groups


	Positive cases
	Negative cases

	
	X (OD) ± SE
	No.
	% Positivity
	X (OD) ± SE
	No.
	% Negativity

	Healthy control (n = 25)
	__
	__
	__
	0.330 ± 0.24 
	25
	100%

	Fascioliasis (n = 97) 
	

	Light infection (n = 30)
	0.360 ± 0.97
	27
	90  %
	0.159 ± 0.139
	3
	10 %

	Moderate infection (n = 40)
	1.75 ± 0.358
	39
	97.5 %
	0.200 ± 0.125
	1
	2.5%

	Heavy infection  (n = 27)
	3.081± 0.222
	27
	100 %
	-
	-
	-

	Other parasites (n = 30)
	0.411± 0.023
	4
	13 %
	0.294 ± 0.03
	26
	87%

	Schistosomiasis (n = 8)
	0.390±0.71
	2
	25%
	0.260±0.154
	6
	75%

	Echinococcosis (n = 8)
	0.355±0. 21
	1
	12.5%
	0.250±0.840
	7
	87.5 %

	Ancylostomiasis (n = 5)
	0.380±0.610
	1
	20 %
	0.200±0.50
	4
	80 %

	Ascariasis (n = 9)
	_
	0
	0%
	0.173±0.20
	9
	100%


· Cut off value 0.365

· X= mean

· O.D = Optical density 

· SE = standard error

Table (3): Detection of circulating E/S Ags in sheep sera by S-ELISA
	Groups


	Positive cases
	Negative cases

	
	X (OD) ± SE
	No.
	% Positivity
	X (OD) ± SE
	No.
	% Negativity

	Healthy control  (n = 25)
	-
	-
	-
	0.350 ± 0.24
	25
	100%

	Fascioliasis (n = 97) 
	

	Light infection (n = 30)
	0.380 ± 0.027
	25
	83.3 %
	0.112 ± 0.139
	5
	16.6 %

	Moderate infection (n = 40)
	1.12 ± 0.031
	37
	92.5 %
	0.165 ± 0.125
	3
	7.5 %

	Heavy  infection  (n = 27)
	2.481± 0.222
	27
	100 %
	-
	-
	-

	Other parasites (n = 30)
	0.390 ± 0.023
	6
	20 %
	0.216 ± 0.03
	24
	80%

	Schistosomiasis (n = 8)
	0.450±0.21
	3
	37.5%
	0.210±0.154
	5
	62.5%

	Echinococcosis (n = 8) 
	0.400±0.121
	1
	12.5%
	0.250±0.540
	7
	87.5%

	Ancylostomiasis (n = 5) 
	0.390±0.410
	1
	20%
	0.190±0.400
	4
	80 %

	Ascariasis (n = 9)
	0.417±214
	1
	11.1%
	0.273±0.280
	8
	88.8%


· Cut off value 0.375 

· X= mean

· O.D = Optical density 

· SE = standard error

Table (4): Detection of circulating E/S Ags in sheep sera by S-D-ELISA

	Groups


	                Positive cases
	                       Negative cases

	
	Score of the colour range
	No.
	% Positivity
	Score of the colour range 
	No.
	% Negativity

	Healthy control  (n = 25)
	-
	-
	-
	(0 – 1)
	25
	100%

	Fascioliasis (n = 97)
	
	
	
	
	
	

	Light infection (n = 30)
	(2 – 3 )
	29
	96.6%
	(0 – 1)
	1
	3.4%

	Moderate infection (n = 40)
	(2 – 3 )
	38
	95 %
	(0 – 1 )
	2
	5%

	Heavy  infection  (n = 27)
	(3 – 4 )
	27
	100 %
	-
	-
	-

	Other parasites (n = 30)
	(1 – 4 )
	2
	6.6%
	(0 – 1)
	28
	93.4%

	Schistosomiasis (n = 8)
	(2 – 4)
	1
	12.5%
	(0 – 1)
	7
	87.5%

	Echinococcosis (n = 8) 
	(2 – 3)
	1
	12.5%
	(0 – 1)
	7
	87.5%

	Ancylostomiasis (n = 5) 
	(2 – 3 )
	0
	0%
	(0 – 1)
	5
	100%

	Ascariasis (n = 9)
	(2 – 4 )
	0
	0%
	(0 – 1)
	9
	100%


    Visual grades (0, 1) are considered negative, while visual grades >1+ are considered positive.
Table 5: Incidence of positivity for anti-Fasciola E/S pAb in sheep sera using S- and S-D-ELISA:



	Groups
	Circulating E/S Ags by S-

ELISA

Positive          % Positivity

  cases  
	Circulating E/S Ags by S-D-

ELISA 

Positive            % Positivity

   cases  

	Healthy control (n = 25)
	0
	0%
	0
	0%

	Fascioliasis (n = 97)
	
	
	
	

	Light Infection (n = 30)
	25
	83.3%
	29
	96.6%

	Moderate Infection (n = 40)
	37
	92.5%
	38
	95%

	Heavy Infection (n = 27)  
	27
	100%
	27
	100%

	Other parasites (n = 30)
	
	
	
	

	Schistosomiasis (n = 8)
	3
	37.5%
	1
	12.5%

	Echinococcosis (n = 8)
	1
	12.5%
	1
	12.5%

	Ancylostomiasis (n = 5)
	1
	20%
	0
	0%

	Ascariasis (n = 9)  
	1
	11.1%
	0
	0%


Table 6: Sensitivity and specificity of ELISA assays for detecting E/S and coproantigens versus liver biopsy and stool analysis
	
	Liver

biopsy
	Stool

Analysis
	S-ELISA

Coproantigens  E/S Ags
	S-D-ELISA

	% Sensitivity
	100%
	79.38%
	    95.8%             91.9%
	97.2%

	% Specificity
	100%
	100%
	  92.7%               89%
	95%


Figure (1): NC membrane in Bio-Dot apparatus showing different grades of color intensity representing positive and negative reactions in the detection of antibodies and/or antigens. The color grades were identified by scores 1+, 2+, 3+ and 4+ as shown in columns (1-3), (4-6), (7-9) and (10-12) from C to H, respectively, while rows A and B represent blank zero. The grades of color intensity equal to or greater than 2+ (2+, 3+ and 4+) were considered positive, while those giving less than 2+ (1+ or 0) were considered negative.
