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 ملخص البحث
لفحص ا-جسام  المقايسة المناعية المرتبطة با'نزيمكمستضد فى اختبار  متورقة العم�قةتم استخدام بروتين السابوسين المخلق من دودة ال

تائج اختبار المضادة فى ابقار مصابة بالمرض ولمعرفة فعاليته تم مقارنة النتائج مع نتائج الفحص باستخدام المستضد المفرز من الديدان و كذلك مع ن
بينما كانت حساسية  )94/ 354% (86وفعالية ا-ختبار ) 111/234% (85ترسيب البراز وكانت حساسية ا-ختبار باستخدام بروتين السابوسين 

فيما كانت حساسية و فعالية اختبار الترسيب ) 50/94% (53 وفعاليته النوعية) 104/130% (80من الديدان ا-ختبار عند استخدام المستضد المفرز 
  .ا-خرى المستخدمة اثبت استخدام بروتين السابوسين انه ا-نسب وا-فضل فى تشخيص المرض من بقية ا-ختبارات. على التوالى% 100و % 75

Summary 
The Saposin -like recombinant protein from Fasciola gigantica was used as antigen in ELISA 

for the detection of F. gigantica antibodies in naturally infected cattle in the Sudan. When compared 

with the results of  Excecretory Secretory (ES) antigens and Sedimentation tests, the SAP-2 antigen 
gave a sensitivity of 85% (111/130) by the ELISA test, and specificity of 86%. Using the ES antigen, 
the sensitivity was 80% (104/130) and the specificity was 53% (50/94). On the other hand, the 

sensitivity and specificity of the Sedimentation test was 75% and 100%, respectively. The FgrSAP-2 
proved to be more suitable and useful tool for the diagnosis of fasciolosis than the FgES and 

Sedimentation tests. 

Introduction 
Fasciolosis is an important helminthic disease of livestock in the Sudan, causing 

significant morbidity with grave economic losses (Karib, 1962; Haroun 1975). The disease is 

caused by digenean trematodes of the genus Fasciola; in temperate region the causative parasite 

is Fasciola hepatica while in the tropics the parasite is F.gigantica (Spithill et al., 1999). 

Definitive diagnosis of fasciolosis is achieved parasitologically by detection of the fluke eggs in 

faeces. However, the flukes start releasing eggs in faeces after eight weeks post infection, and 

that is why coprological methods cannot detect infection during previous weeks when the 

immature worms are migrating through the liver parenchyma. 

The Enzyme-linked immunosorbent assay (ELISA) has been widely adopted in 

serological studies of fasciolosis (Shaheen et al., 1994); and has been suggested as suitable for 

epidemiological studies (Hillyer and Soler de Galanes, 1991). In the past, ELISA techniques used 

crude somatic extracts of parasites or a preparation of excretory-secretory products as antigen for 

the detection of serum antibodies (Carnevale et al., 2001). However, the employment of complex 

antigens reduce the specificity of the test due to cross-reactivity with parasites sharing similar 

immunogens. Recombinant protein-based serological tests achieve high sensitivity and specificity 

due to the high concentration of the immune-reactive antigen and the lack of host protein 

components from the crude antigen preparations. 

The aim of this study was to compare the sensitivity, specificity and practicability of the 

ELISA test using FgrSAP-2 antigen for the diagnosis of fasciolosis in cattle under tropical 

conditions in the Sudan.  

Materials and Methods 

Collection and preparation of sera: 
Blood samples were taken from cattle slaughtered at Rabak slaughterhouse in plain 

vacutainer tubes. Positive samples from animals on inspection were labelled “fasciola positive” 

and those negative were labelled “fasciola negative”. Lesions of fibrosis of old infections were 

also recorded. 
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Two hundred and twenty-four blood samples were kept cool in an ice chamber and 

transported to the laboratory. Each blood sample was centrifuged at 1500 rpm for 5 min and 

serum separated and labeled. Of these 130 serum samples were “fasciola positive” and 94 were 

negative. All sera were stored at –20
o
C until used. 

Fasciola gigantica antigens: 

Two antigens of F. gigantica were used for antibody detection by ELISA, the E/S 

products and the Fgr ;SAP-2 antigen. 

Excretory and Secretory (E/S) products antigen: 
 Adult F. gigantica were collected from livers of infected cattle; they were washed until 

they were free of any visible bile pigments. This was achieved by washing six times in warm (37 
0
C) sterile phosphate buffered saline (PBS), followed by washing six times in sterile PBS 

containing penicillin (100 IU/ml),  streptomycin (100 mg/ml) and fungizone (2 mg/ml) and 

finally washing six times in a medium containing penicillin (100 IU/ml), streptomycin (100 

mg/ml) and fungizone (2 mg/ml). The live flukes were placed in tissue culture flasks in a medium  

containing penicillin (100 IU/ml), streptomycin (100 mg/ml), fungizone (2 mg/ml) at the rate of 

one fluke per 5 ml of medium. The flasks containing the flukes were incubated at 37 0C for 24 h. 

Thereafter, the medium was collected and centrifuged at 2000 g, for 30 min. The supernatant was 

collected and the protein concentration of the E/S products was estimated by the method 

described by Lowery, et al., (1941). The solution containing excretory, and secretory products 

was distributed 1 ml volumes and stored at -20 
0
C till used. 

The SAP recombinant Antigen: 
Cloning and expression and production of the FgrSAP-2 protein was described previously 

(Goreish,2008) cDNA encoding SAP protein was cloned in pPICZaA vector, propagated in E. 

coli, transformed and expressed using pichiapastoris vector. 

Enzyme linked immunosorbant assay (ELISA):  
The method  described by Estuningsih et al.  (2004) was used with some modification, 

Briefly, the antigen was diluted in coating buffer at optimal concentration. Optimal concentration 

was determined after preparation of different antigen concentration and different dilutions of sera 

and conjugate (chequer-board titrations). The optimal concentration due 2.5 µg/ml, 5 µg/ml 

coating buffer for the SAP recombinant and the E/S antigen, and dilution of respectively  1:100 

the sera, 1:10 000 for sera and the conjugate respectively. Each well of a polystyrene microtiter 

plates (Maxisorp, Nunc) was filled with 100 µl of the antigen and the plates were incubated 

overnight at 4 0C. 

The plates were washed 3 times with PBST to remove unbound antigen and the remaining 

free binding sites are blocked with PBST tween; 200 µl/well blocking buffer for 1 hour. The 

plates were then washed 3 times with PBST. A volume of 100 µl/well test sera was added to each 

well in the plates at dilution 1: 100 in Blocking buffer, pH 7.4) and incubated at 37
o
C for 2 hours. 

The plates were then washed 5 times with PBST and 100 µl/well of conjugate (at 1:10 000 

dilution in Blocking buffer, ( pH 7.4) was added to all wells and incubated for 1 hour at 37
o
C. 

After incubation, the plates were washed 5 times with PBST and 100 µl of substrate were added 

to all wells. The plates were incubated for 10 minutes at 37
o
C. The reaction was stopped by 

adding 50 µl/well of 2 M sulphuric acid. The enzyme mediated colour reaction was measured at 

450 nm using a Multiskan ELISA reader.  

Analysis of the results: 
The cut-off points were selected by two-graph receiver operating characteristic_TG-ROC. 

A software template for MS-EXCEL (TM) for the selection of cut-off values for diagnostic tests 

was used (Greiner et al., 1995). 
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The kappa test was exploited for assessing the agreement between diagnostic methods 

Calculation of the Kappa statistic for the serological tests involved the estimation of the observed 

proportion of agreement and the expected proportion of agreement. 

Results 

Validation of ELISA test using the Recombinant Antigen in the diagnosis of F.gigantica in 

cattle: 
The chequerboard assays were evaluated by calculating the differences between OD 

values measured for the reference sera at each of the antigen, sera and conjugate dilutions tested. 

This evaluation determined the concentration of F. gigantica ES and the recombinant SAP 

antigen to be optimal at 5 and 2.5 ug/ml protein. For antigen coating of the ELISA plates, 0.06 M 

carbonate buffer, pH 9.6, appeared to be the best choice. Saturation of free binding sites on the 

ELISA plates was most effective when 5% SM-TPBS was used as blocking agent. Moreover, 

background reactions on the ELISA plates could be reduced to some extent by diluting the sera 

and conjugate with 5% SM-TPBS instead of PBS alone. The optimal dilution of the secondary 

serum was found to be 1 : 100 and that of the conjugate to be 1 : 1000. The cut-off value of the 

ES ELISA was calculated to be 0.35 and that of the recompinantr FgSAP ELISA was 0.498. 

TG- ROC analysis: 
The TG-ROC analysis curves for sensitivity and specificity of the ELISA as a function of 

the applied cut-off points are shown in Fig. 1. The intersection point of the two curves indicates 

that, with a cut-off point of do 0.498., the Recombinant antigen ELISA would have a relative 

sensitivity of 85% and specificity of approximately 86%. 

 

 

 
 

Fig. (1) TG-ROC analysis antibody ELISA. 
 

The intersection point of the two graphs indicates the cut-off point d, at which equivalent 

Se = Sp = θo can be achieved (based on observed proportions). Using two cut-off values for the 

indication of an intermediate range (IR), 90% Se and Sp can be achieved if results to the right of 

IR were considered negative and results to the left of IR were considered positive.  

ELISA and Sedimentation test results: 
One hundred and thirty out of the 224 cattle examined were found infected with F. 

gigantica at postmortem, Using ELISA, 111 were positive with the SAP antigen giving a 

sensitivity of 85% (111/130), while the number of negative samples at postmortem that react 

negative to the ELISA test were 81 with a specificity of 86%.When using the sensitivity ES 
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antigen and the specificity were 80% (104/130) and 53% (50/94). The number of animals 

positive to the Fgr SAP-ELISA test was 55.4 % (124/224) and 66% (148/224) to the FgES. It was 

observed that 13.8% of the cattle negative at postmortem were positive to the rFgSAP, whereas 

this percentage was 46.8 % with the FgES(Table 1). 

On the other hand, 98 of that 130 positive at Postmortem were positive in sedimentation 

giving a sensitivity of 75%, while all negative samples at postmortem react negative at 

sedimentation test. Forty - two per cent (94/224) of the cattle were negative to the two probes, 

whereas 41% (92/224) were positive to the ELISA and sedimentation tests. It was observed that, 

11.6% (26/224) of the bovine were positive to the ELISA and negative to sedimentation, whereas 

the percentage of cattle positive to the sedimentation and negative to the ELISA was 2.7% 

(6/224). Table 2 reflects the statistical comparison between Fgr SAP, FgES, and sedimentation 

test results. The best results for sensitivity, specificity and positive and negative predictive values 

were achieved with the SAP antigen ELISA, high and significant Kappa estimation was obtained 

for the SAP ELISA, and non-significant for the FgES. 

 

Table 1: Recombinant antigen ELISA, ES antigen ELISA and sedementation test in the 

diagnosis of naturally infected cattle with F. gigantica. 

PM+; PM- =Positive, Negative of postmortem, -ve= Negative; +ve= Positive  

 

Table 2: Statistical analysis of the results obtained from the recombinant protein SAP and 

the excretory/secretory antigens of Fasciola gigantica. 

The statistical range from 0 to 1 with a kappa value of about 0.4 to 0.6 indicates a moderate agreement. Higher 

kappa values are interpreted as good agreement. 

 

Discussion 
One hundred and thirty out of 224 cattle were found infected with F. gigantica at 

postmortem, using indirect ELISA only 111 were positive by SAP antigen giving a sensitivity of 

85% (111/130). However, the number of negative samples at postmortem that gave negative 

results in the ELISA test were 81 with a specificity of 86%.When using the ES antigen the 

 

PM 

 

No 
rFgSAP ELISA ESA ELISA Sedimentation 

+ ve - ve + ve    -ve + ve - ve 

PM + 130 111 

(85.4%) 

19 

(14.6%) 

104 

(80%) 

26 

(20%) 

98 

(75.4%) 

32 

(24.6%) 

PM - 94 13 

(13.8%) 

81 

(86.2%) 

50 

(53%) 

44 

(47%) 

0 94 

(100%) 

Total 224 124 100 154 70 98 126 

 rFgSAP FgES 

Sensitivity (%) 85.4 80 

Specificity (%) 86.2 53.2 

Positive predictive value 89.5 70.3 

Negative predictive value 81 65.8 

Kappa 0.709 0.339 
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sensitivity and the specificity were 80% (104/130) and 53% (50/94). On the other hand, 98 out of 

the 130 positives at postmortem were positive in sedimentation giving a sensitivity of 75%, 

while all negative samples at postmortem were negative by sedimentation test. 

Immuno-enzymatic techniques which focus on detection of antibodies against parasitic 

antigens by indirect-ELISA are useful to solve the disadvantages of coprological examinations 

(Hillyer et al., 1996). Dumenigo et al. (1999) proved that IgG against crude excretory/secretory, 

antigens were detectable from the second to third weeks after sheep infection of experimental 

with F. hepatic ametacercariae. Nevertheless, the presence of antibodies does not correlate with 

the existence of active infection, but only with exposure to the parasite (Sanchez – Androde et al., 

2001). This necessitate a feasible test for the diagnosis of fasciolosis. A test that is capable of 

detecting active infections at the moment of the sampling. This study is the first field trial done to 

detect fasciolosis on cattle using a recombinant protein as a diagnostic method in the Sudan. 

To test a new diagnostic probe, a gold standard is required. Current gold standard is the 

detection of eggs in faeces, but more than 10 weeks after infection are needed and this indicates 

the presence of adult flukes inside the bile ducts only (Hillyer et al., 1996). Infection the main 

problem of F. gigantica, lies in the early detection while the immature flukes are migrating 

through the liver parenchyma. 

Till now, the major groups of antigens that have demonstrated certain protective capacity 

against fascioliasis are the 26/28-kDa glutathione S-transferases, enzymes with a de-toxifying 

activity, (Morrison et al., 1996). In addition the extracellular proteases such as the cathepsin-L-

proteinases and leucine-amino - peptidase (Piacenza et al., 1999), and proteins that transport fatty 

acids (Rodriguez - Perez et al., 1992; Muro et al., 1997). 

In the current study, the results indicate that the FgrSAP-2 is more suitable and useful for 

the diagnosis of fasciolosis than the FgES, because a notable correlation was demonstrated 

between the results from this antigen and those from postmortem. 

Expression of recombinant proteins improves the possibilities for the standardization of 

the techniques used to detect fasciolosis; because results of a homogenous antigen obtained from 

different laboratories.  
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