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ABSTRACT 

    The current study was designed to study the protein profile (antigenic 

structure) of adult Fasciola gigantica excecretory-secretory and somatic 

products from sheep and goats of  the same locality (White Nile province) 

and from three cattle types (White Nile, Mangisto and Niyala types) from 

different localities in Sudan, using Sodium dodecyle sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE). This antigenic analysis 

was applied for detection of immunoreative protein that could be used for 

early diagnosis and establishment of protective vaccine. Furthermore, 

indirect ELISA (enzyme-linked immunosorbent assay) was evaluated for 

its effectiveness in immunodiagnosis of Fasciolosis in sheep and cattle in 

the area of Rabbak, White Nile Province, Sudan. It was also applied to 

compare ES Paramphistomum spp. extract versus ES and SO F. gigantica 

products in both sheep and cattle, to determine the possibility of cross 

reaction between the two parasite antigens. 

     Generally SDS-PAGE analysis showed the presence of several bands 

with lower molecular weights ranging from 12-95 KDa in the Fasciola ES 

products comparing with 14-123KDa in the somatic one. Dominant 

common bands for both ES and SO extracts were clustered between 27-

30 KDa. Major common bands were identified in SO extracts of 

F.gigantica in sheep, goats and cattle at 45 and 66. Moreover, three 

common major bands with approximate molecular weight of 27-30, 45 

and 66 KDa were found in somatic preparation of the parasite from the 

three different cattle types. >17, 57, 95 and 110 KDa were only seen in 

Niyala cattle type, while Mangisto type showed five polypeptide bands 

with specific bands above 95 and 123 KDa. Only one specific band (<80) 

was seen in White Nile type. F.gigantica somatic antigens in both sheep 



XIII 
 

and goats revealed 4 common dominant bands 14, 28, 45 and 66 KDa and 

three goat specific bands 19, 38, 50 KDa. 

    The dominant of F.gigantica ES extracts from sheep, goats and cattle 

were clustered between 17-24, 27-33 and 40 KDa. The electrophoretic 

migration showed some similarities and some differences between ES 

antigen extracts of F.gigantica existing in sheep, goats, and cattle. 

Twelve bands with molecular weight of 14, 17, 19, 21, 24, 28, 31, 33, 40, 

55, 62 and 72 KDa were identified in sheep, whereas eleven bands with 

molecular weights of >17, 17, 20, 23, 27, 33, 40, 45, 80, 87, and 95 KDa 

were shown in cattle. On the other hand, nine bands with molecular 

weights of 12, 14, 17, 19, 21, 24, 40, 55 and 72 were found in goats. 

Considering this result, we noticed that the highest molecular weights 80, 

87 and 95 of F. gigantica ES antigen were recorded only in cattle. 

    One hundred fifty six cattle faecal samples were examined, 30 were 

found positive with Fasciola gigantica with an overall prevalence of 

19.2%. The results of indirect ELISA revealed that higher prevalence was 

detected by ES Ag (30%) comparing with SO Ag (18.7%). High 

specificity (81.6%) was recorded using SO antigen in cattle compared 

with 69% using ES antigen. Meanwhile, low sensitivities of 27.7% and 

20% were recorded in both ES and SO antigens, respectively. Twenty one 

out of ninety two sheep faecal samples examined were found positive 

with Fasciola gigantica with overall prevalence rate of 22.8%. Moreover, 

the overall seroprevalence of Fasciola was 22.8% (21/92) and 20.6% 

(19/92) as assessed by Fasciola gigantica ES and SO antigens, 

respectively. Higher specificity in sheep was recorded using SO Ag 

(83%) (59/71) compared with ES Ag (78.9%). However, low sensitivity 

of 33% and 28.6% was determined when SO and ES antigens were used, 

respectively. From these results, we concluded that Indirect ELISA using 
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both ES and SO Fasciola antigens in sheep and cattle was not sensitive, 

although it showed slightly high specificity.  

     A remarkable observation occured in the current study is that the 

number of sheep and cattle negative to Fasciola ES and SO indirect 

ELISA and positive to coprological examination was high. In sheep 14 

and 15 sera out of 21 positive faecal samples, while in cattle 22 and 24 

sera out of 30 positive faecal samples resulted negative, respectively.  

     In cattle by using ES Fasciola gigantica antigen versus 

Paramphistomum faecal analysis, we observed that 17 sera out of 46 

positive faecal Paramphistomum had positive values by Fasciola indirect 

ELISA. Similarily, in sheep considering both ES and SO Fasciola 

antigens, 2 sera out of 13 positive Paramphistomum faecal samples were 

positive to Fasciola gigantica. In addition, indirect ELISA tests using 

both paramphistomum and Fasciola ES antigens showed that among the 

61 Paramphistomum positive sera, 26 sera were found positive for 

Fasciola. Similarly, the numbers of serologically positive Fasciola 

samples were 47. Among them 26 were found positive for 

Paramphistomum. Meanwhile, in sheep the results detected by indirect 

ELISA showed that among the 20 sera positive for Fasciola using ES, 4 

sera were found to be positive for Paramphistomum. Similarly, among the 

17 sera positive for SO Fasciola, 8 were found positive for 

Paramphistomum. So from these results we concluded that cross reaction 

between Fasciola gigantica and Paramphistomum spp. may exist. 

     ES extract for Paramphistomum was used to evaluate the diagnostic 

sensitivity and specificity of indirect ELISA for the diagnosis of 

Paramphistomiasis as well as its prevalence in cattle and sheep. The 

prevalence of Paramphistomiasis in cattle based on indirect ELISA was 
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higher than that detected by faecal analysis. However, We noted that the 

prevalence of Paramphistomiasis in sheep was higher by coprological 

examination (13.8%) than that detected by Indirect ELISA (11.5%).The 

sensitivity of indirect ELISA in both cattle and sheep was found to be 

43.4% and 8.3%, whereas, the specificity was 62.7% and 88%, 

respectively. This result indicating that indirect ELISA for detection of 

Paramphistomum spp. is more specific but not sensitive. 
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 ملخص الاطروحت 

 

انًغخخشخت   F.giganticaصًًج انذساعت انسبنٛت نخسهٛم يغخعذاث انذٔدة انكبذّٚ انببنغت     

يٍ الأغُبو  ESٔكزنك انخٙ حى إفشاصْب أٔ إخشاخٓب بٕاعطت انطفٛم  SOيٍ خغى انطفٛم 

ٔانًبعض انًصببت فٙ ٔلاٚت انُٛم الأبٛط ٔأٚعبً يٍ ثلاثت علالاث يخخهفت يٍ الأبقبس ) علالاث 

 SDSانُٛم الأبٛط ٔانًُقغخٕ َٔٛبلا ( يٍ يُبطق يخخهفت فٙ انغٕداٌ ، ببعخخذاو حقُٛت حعشف بـ) 

polyacrylamide Gel Electrophoresis  ). عشف عهٙ أخش٘ حسهٛم ْزِ انًغخعذاث نهخ

انبشٔحُٛبث انًًُعت انخٙ ًٚكٍ اعخخذايٓب فٙ انخشخٛص انًبكش ٔانخًٓٛذ لإَخبج نقبذ ٔاقٙ فٙ 

 انًغخقبم . 

نخقٛٛى فعبنٛخٓب فٙ   ELISA (Immunosorbent assay)الانٛضا  كزنك اعخخذيج حقُٛت   

بٛط فٙ انعأٌ ٔالأبقبس فٙ يُطقت سبك بٕلاٚت انُٛم الأ  Fasciolosisحشخٛص يشض انـ

ببنغٕداٌ . ٔطبقج أٚعبً نًقبسَت انًغخعذاث انخٙ حى إفشاصْب أٔ إخشاخٓب بٕاعطت دٔدة 

انبشيفغخٕيى يقببم يغخعذ انفبشٖٕلا انًغخخهص يٍ خغى انطفٖم ٔانز٘ حى افشاصة أٔ إخشاخّ 

 .فًٛب بُٛٓى cross reactionفٙ انعأٌ ٔالأبقبس نخسذٚذ ازخًبنٛت ٔخٕد أ٘ ES بٕاعطت انطفٛم

ٔظر   SDS Polyacrylamide Gel Electrophoresisكم عبو عُذ إخشاء حسهٛم بش 

كٛهٕ دانخٌٕ فٙ انًغخعذ انز٘ حى افشاصة  59-21ٔخٕد عذة أزضيت بأٔصاٌ خضٚئٛت حخشأذ يٍ 

كٛهٕدانخٌٕ فٙ انًغخعذ انًغخخشج يٍ 211  -21يقبسَت بـ ES أٔ اخشاخّ بٕاعطت دٔدة انفبشٛلا

 .  SOخغى انطفٛم 

ضيت انًشخشكت ٔانًًُٓٛت عهٙ كم يٍ يغخعذاث دٔدة انفبشٛلا انًغخخشخت يٍ خغى انطفٛم الأز

SO  ٔكزنك انخٙ حى افشاصْب بٕاعطت انطفٛمES  ٍٛأيب  .كٛهٕدانخٌٕ 13-12ٔخذث يخدًعت ب

الأزضيت انشئٛغٛت انًشخشكت انخٙ حى انخعشف عهٛٓب فٗ يغخعذاث دٔدة انفبشٛلا انًغخخشخت يٍ 

 كٛهٕدانخٌٕ .  66ٔ  19يٍ كم يٍ انعأٌ ٔانًبعض ٔالأبقبس ْٙ  SOخغى انطفٛم 

كٛهٕدانخٌٕ  66،  19،  13-12ازضيت سئٛغٛت يشخشكت بأٔصاٌ حقشٚبٛت ْٙ  1علأة عهٙ رنك 

فٙ علالاث الأبقبس انثلاثت  SOٔخذث فٗ يغخعذاث دٔدة انفبشٛلا انًغخخشخت يٍ خغى انطفٛم 

كٛهٕ دانخٌٕ ٔخذث فقط يٍ علالاث أبقبس َٛبلا  223،  59،  92، 22، 22انًخخهفت . أقم يٍ 

كٛهٕ دانخٌٕ . نٕزظ ٔخٕد  211ٔ  59بًُٛب علانت انًُقغخٕ أظٓشث ٔخٕد زضيخٍٛ يعُٛت يٍ 

 كٛهٕدانخٌٕ ٚخص علانت أبقبس انُٛم الأبٛط .  03زضاو بشٔحُٛٙ ٔازذ أعهٙ يٍ 
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كٛهٕ دانخٌٕ حى اكخشبفٓب فٗ  66 ، 19،  10،  21أسبعت أزشيت بشٔحُٛٛت يشخشكت ٔيًُٓٛت ْٙ 

 1يغخعذاث دٔدة انفبشٕلا انًغخخشخت يٍ خغى انطفٛم فٗ كم يٍ انعأٌ ٔانًبعض يع ٔخٕد 

 كٛهٕ دانخٌٕ .  93،  10،  25أزضيت يسذدة ٔيخصصت فٗ الأغُبو يًثهت فٙ 

، فقذ  ESأيب ببنُغبت نًغخعذاث دٔدة انفبشٕٛلا انخٙ حى إفشاصْب أٔ إخشاخٓب بٕاعطت انطفٛم   

 – 12، 11 – 22ٔخذ أٌ الأزضيت انًًُٓٛت فٗ كم يٍ انعأٌ ٔانًبعض ٔالأبقبس قذ خًعج بٍٛ 

 كٛهٕ دانخٌٕ .  13ٔ  11

بعط انخشببّ  SDS polyacrylamide Gel Electrophoresisكزنك أظٓشث حقُٛت  

ٔالاخخلاف فٗ يغخعذاث دٔدة انفبشٕٛلا انخٙ حى افشاصْب أٔ اخشاخٓب بٕاعطت انطفٛم انًٕخٕد 

 فٙ كم يٍ انعأٌ ٔانًبعض ٔالأبقبس . 

كٛهٕدانخٌٕ 21، 61، 13،99، 11،  10،12،  12،11، 25،  21،22أزضيت ببٔصاٌ خضٚئٛت  21

 22أقم يٍ  ئٛتأزضيت راث أٔصاٌ خضٚ 22ٔخذث يٍ انعأٌ  . بًُٛب 

كٛهٕ دانخٌٕ حى انخعشف عهٛٓب يٍ   59،  02،  03،  19،  13،  11،  12،  11،  13، 22

 99،  13،  11،  12،  25،  22،  21،  21أزضيت بأٔصاٌ خضئٛت   5الأبقبس . يٍ َبزٛت أخش٘ 

،  02،  03بأخز ْزِ انُخٛدت فٙ الاعخببس َلازظ أٌ أعهٙ ٔصٌ خضئٙ  .ٔخذث فٙ الأغُبو 61، 

نًغخعذاث دٔدة انفبشٕٛلا انخٙ حى إفشاصْب أٔ إخشاخٓب بٕاعطت انطفٛم قذ حى حغدٛهٓب فقط فٙ  59

         الأبقبس .

عُٛت يُٓب كبَج يٕخبت نذٔدة انفبشٕٛلا  13عُٛت بشاص يٍ الأبقبس ، ٔخذ أٌ  296حى فسص   

ٙ الانٛضا نهفسص عٍ % . أيب ببنُغبت نُخبئح انفسص انًُبعٙ انًًثم ف2591بًعذل إصببت 

 ES% ببعخخذاو يغخعذ 13الأخغبو انًعبدة نذٔدة انفبشٕٛلا أثبج ٔخٕد أعهٙ يعذل إصببت 

% . أعهٙ َغبت خصٕصٛت بهغج 2092ٔانز٘ أعطٙ َغبت إصببت بهغج  SOيقبسَت بًغخعذ 

.  ES % عُذ اعخخذاو يغخعذ انـ65فٗ الأبقبس يقبسَت بـ SO% عدهج ببعخعًبل يغخعذ 02.6

 ES% عُذ اعخخذاو كم يٍ يغخعذ 13% ٔ 12.2ًب أقم َغبت زغبعٛت نلاخخببس ْٙ بُٛ

 ، عهٙ انخٕانٙ .  SOٔيغخعذ 

% . 11.0عُٛت بشاص حى فسصٓب يٍ انعأٌ ٔخذث يٕخبت بًعذل إصببت  51عُٛت يٍ أصم  12

% ببعخخذاو كم يٍ يغخعذ 13.6% ٔ 11.0بًُٛب ٔخذ أٌ يعذل الإصببت نفسص انغٛشو ْٙ 

 عهٙ انخٕانٙ .  ESٔSO ٕلا انفبشٛ
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 ESيقبسَت بًغخعذ  SO% ببعخخذاو يغخعذ 01أعهٙ خصٕصٛت نلاخخببس يٍ انعأٌ عدهج 

% ببعخخذاو 10.6% ٔ 11% . نكٍ أقم زغبعٛت زذدث ْٙ 20.5ٔانز٘ عدم خصٕصٛت بهغج 

ش يٍ ْزِ انُخبئح َغخخهص أٌ اخخببس الانٛضا انغٛ .عهٙ انخٕانٙ ESٔيغخعذ  SOكم يٍ يغخعذ 

فٗ انعأٌ ٔالأبقبس نٛظ زغبط ببنشغى يٍ  ES  ٔSOيببشش ببعخخذاو كم يٍ يغخعذ انفبشٕٛلا 

يٍ انًلازظبث انٕاظست انخٙ أظٓشحٓب انذساعت  َّ أظٓش خصٕصٛت يشحفعت بعط انشئ أ

انسبنٛت أٌ أعذاد انعأٌ ٔالأبقبس انخٙ ٔخذث غٙ يصببت فٙ اخخببس الانٛضا ببعخخذاو كم يٍ 

ٔٔخذث يصببت عٍ طشٚق فسص انخشعٛب نهبشاص كبَج يشحفعت .  ES  ٔSO يغخعذ انفشٕٛلا

عُٛت عٛشو يٍ  11ٔ  11عُٛت عٛشو يٍ أصم عُٛت بشاص يٕخبت ٔ  29ٔ  21فًثلًا فٗ انعأٌ 

 عُٛت بشاص يٕخبت ٔخذث عبنبت عهٙ انخٕانٙ .  13أصم 

عُٛت كبَج  16أصم عُٛت عٛشو يٍ  22يٍ الأبقبس ، نٕزظ أٌ  ESببعخخذاو يغخعذ انفشٕٛلا 

يٕخبت نذٔدة بشايفغخٕيى نذٚٓب قًّٛ يٕخبت نذٔدة انفبشٕٛلا ببعخخذاو فسص الانٛضا . ببنًثم فٙ 

عُٛت  21عُٛت عٛشو يٍ أصم  SO  ،1ٔيغخعذ  ESانعأٌ آخزٍٚ فٙ الاعخببس كم يٍ يغخعذ 

إنٙ رنك ، ببعخخذاو بشاص يٕخبت نذٔدة بشايفغخٕيى كبَج يٕخبت أٚعبً نذٔدة انفبشٕٛلا . ببلاظبفت 

أظٓشث َخبئح اخخببس الانٛضا أٌ يٍ بٍٛ  ESكم يٍ يغخعذ انـ بشايفغخٕيى ٔيغخعذ انفبشٕٛلا 

عُٛت عٛشو ٔخذث يٕخبت نذٔدة انفبشٕٛلا .  16عُٛت عٛشو يٕخبت نذٔدة انـ بشايفغخٕيى أٌ  62

عُٛت  16بُٛٓى  عُٛت . يٍ 12ببنًثم عذد انعُٛبث انخٙ ٔخذث يٕخبت نذٔدة انفبشٕٛلا كبَج 

ٔخذث يٕخبت نذٔدة بشايفغخٕيى . بًُٛب فٗ انعأٌ أٔظسج انُخبئح انخٙ حى انكشف عُٓب 

 ES  ،1عُٛت عٛشو كبَج يٕخبت نهفبشٕٛلا ببعخخذاو انًغخعذ   13ببعخخذاو فسص الانٛضا أٌ 

 عُٛت عٛشو كبَج يٕخبت نذٔدة 22عُٛبث عٛشو ٔخذث يٕخبت نذٔدة  بشايفغخٕيى كزنك يٍ بٍٛ

 عُٛبث ٔخذث يٕخبت نـ بشايفغخٕيى .  SO  ،0انفبشٕٛلا ببعخخذاو انًغخعذ 

بٍٛ دٔدة انفبشٕٛلا ٔدٔدة انبشايفغخٕيى سبًب  Cross reactionيٍ ْزِ انُخبئح حٕصهُب إنٙ أٌ 

   .ٚكٌٕ يٕخٕد

نذٔدة انـ انبشايفغخٕيى نخقٛٛى زغبعٛت ٔخصٕصٛت فسص الانٛضا  ESحى اعخخذاو يغخخهص    

نخشخٛص يشض ال انبشايفغخٕيى ٔفٗ انٕقج َفغّ حسذٚذ يعذل الاصببت فٙ كم يٍ انعأٌ 

ٔالابقبس . يعذل الإصببت بًشض ال انبشايفغخٕيٛغٛظ فٙ الأبقبس اعخًبداً عهٙ فسص الانٛضا كبٌ 

فسص انبشاص . ببنشغى يٍ رنك نٕزظ أٌ يعذل الإصببت أعهٙ يٍ انز٘ حى انخسقق يُّ بٕاعطت 

بذٔدة انبشايفغخٕيى فٙ انعأٌ كبٌ أعهٙ ببعخخذاو فسص انبشاص يٍ انز٘ حى انخسقق يُّ بٕاعطت 
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% بًُٛب 0.1% ٔ 11.1فسص الانٛضا . زغبعٛت فسص الانٛضا يٍ كم يٍ الأبقبس ٔانعأٌ ٔخذث 

ْزِ انُخٛدت حشبش إنٙ أٌ فسص الانٛضا % عهٙ انخٕانٙ  . 00% ٔ 61.2انخصٕصٛت بهغج 

 نهكشف عٍ دٔدة ال انبشايفغخٕيى أكثش خصٕصٛت ٔنكُٓب أقم زغبعٛت .   
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CHAPTER ONE 

1. Introduction 

 

   Sudan is a vast country and is characterized by a wide spectrum of 

climatic conditions. Because of its enormous pastoral and agricultural 

potentialities, the country is regarded as one of the major food reservoirs 

in the world. 90% of the animal population is owned by nomads who are 

moving with their herds searching for water and pasture. Due to this 

system of animal husbandry, chances of contracting diseases are great in 

such a country where a wide range of helminthic, protozoal and external 

parasites thrive in abundance, (Eisa, 1963). Parasitic diseases undoubtly 

have a significant role affecting the health and productivity of livestock, 

and, consequently, the national economy. Among major helminthic 

diseases of livestock in the Sudan, Fasciolosis is regarded as one of the 

gravest and economically the most important (Karib, 1962). 

     Fasciolosis is an economically important disease of domestic life 

stock; in particular cattle, sheep and occasionally man. The disease is 

caused by digenean trematodes of the genus Fasciola, commonly referred 

to as liver rot. The two species most commonly implicated as the 

aetiological agents of Fasciolosis are F. hepatica and F. gigantica. The 

former is found worldwide and is prevalent in almost all temperate 

regions where sheep and other ruminants are raised. It originated in the 

European continent and gradually migrated to other continents (Boray, 

1969). F. gigantica, however, is restricted mainly to tropical areas such as 

Africa, South America, Southeast Asia, Southern Europe and Hawaii and 

also in the former USSR (McCarthy and Moore, 2000). The two species 

of flukes show a wide distribution in African and Asian continents and 

have common characteristics. 
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     Considering the worldwide spread, occurrence and zoonotic nature, 

Fasciolosis has emerged as a major global and regional concern affecting 

all domestic animals and infection is most prevalent in regions with 

intensive sheep and cattle production (WHO, 2007; 2008). 

     Tropical Fasciolosis caused by infection with Fasciola gigantica is 

regarded as one of the most important single helminth infections of 

ruminants in Asia and Africa (Boray, 1985; Fabiyi, 1987; Murrell, 

1994). Estimate of the prevalence of this parasite in ruminants range up to 

80-100% in some countries (Schillhorn van Veen, 1980; Fabiyi, 1987). 

Together with major nematodes infections, fasciolosis is a significant 

constraint to the productivity of domestic ruminants throughout Asia, 

South-East Asia and America and is thus a significant impediment to 

global food production (Dargie, 1987; Fabiyi, 1987; Murrell, 1994). 

      In Africa the prevalence rates range between 30-90% and up to 66% 

prevalence has been reported in Sudan (El-Azazy and Schillhorn Van 

Veen, 1983).The disease is endemic in certain parts of the country, 

particularly all along the areas irrigated by the White Nile (Karib, 1962; 

Haroun and Hussein, 1975). However, Fasciolosis was also reported in 

the western part of the country where prominent swamps and shallow-

water valleys exist (Haroun, 1975).   

     The reason for the high incidence of Fasciolosis in the areas of the 

White Nile and its tributaries appears to be due to the following: 

a. The presence of Lymnaea natalensis snail, the intermediate host of 

F.gigantica, in large numbers in the flooded plains of the White Nile 

province and the river᾿ s tributaries. The optimum environmental 

conditions such as the slow flowing water and the presence of abundant 

aquatic plant especially the water hyacinth facilitate the growth and 

survival of the snails. 
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b. The horizontal expansion in cultivated areas of both irrigation schemes 

and shifting agriculture has reduced the amount of natural pasture for 

both nomadic and settled herds which resulted in deriving the livestock to 

graze the swampy areas of the flood plain which harbour the infected 

snails during the dry season. 

     In such situations animals are often exposed to large doses of 

infection, sometimes taking the form of outbreaks of an acute disease 

with high mortalities, particularly in sheep (Karib, 1962; Haroun, 1975). 

However, of even greater overall economic importance are the less 

dramatic but insidious, long term and deleterious effects of the chronic 

disease wasting condition. The sequel of such types of chronic disease 

may include inappetence, poor food utilization, loss in body weight, 

reduced milk and wool production and stillbirth. The highest risk of 

transmission occurs between December and May with peak egg excretion 

between August and September, a period coinciding with the rainy 

season. These wet conditions provide a suitable environment for the 

development of Fasciola eggs and hence infections of the intermediate 

host Lymnaea natalensis. 

     Human fasciolosis has been reported in many countries worldwide. In 

the last 25 years, infections were reported in 7071 persons in 51countries 

across several continents according to Esteban et al., (1998). Serious 

underreporting of this zoonotic disease is suspected, caused by limitations 

of accurate diagnosis, and because human fasciolosis is not a notifiable 

disease (Mas-Coma et al., 2005). 

    Since tropical fasciolosis is a significant factor in limiting livestock 

production, the development of sustainable strategies for controlling 

F.gigantica is a priority. Control of fasciolosis has been shown to be very 

difficult. Despite all control efforts the parasite persists in most endemic 

areas and husbandry systems, including highly controlled conditions in 
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industrialized countries. Most control measures have been based on i) 

reducing infections in animals and humans by the use of anthelmintics; ii) 

combating the intermediate snail hosts; iii) reducing parasite transmission 

by management on the farm and by public health measures. Novel 

approaches for control include vaccination (Golden et al., 2010), 

breeding Fasciola resistant animals (Wiedosari and Copeman 1990) or 

using competition in snail intermediate hosts between Fasciola and other 

trematode species (Suhardono et al., 2006).  

     Triclabendazole has been the drug of choice for treatment of liver 

fluke infections in livestock for more than 20 years and it is also the only 

drug used for treatment of human fasciolosis (Fairweather, 2005). The 

drug has a high efficacy (approximately 99%) against both the mature 

adult worms in the bile duct and the migratory immature flukes 

(Fairweather and Boray, 1999). However, Triclabendazole resistant 

fluke populations have been reported in Ireland, the UK, Netherlands, 

Spain and Australia (Brennan et al., 2007). Although some flukicidal 

compounds such as Closantel (Coles et al., 2000) and Clorsulon (Coles 

and Stafford, 2001) retain their efficacy against Triclabendazole-resistant 

fluke population, novel fasciolicidal compounds or anti- Fasciola 

vaccines should be developed in the future. So the ultimate goal is a 

protective vaccine based on parasite antigens that stimulate the immune 

system and thus conferring an adequate level of protection. 

     The diagnosis of fasciolosis is generally carried out via coprological 

examination, and immunological technique like ELISA but such tests 

have many disadvantages. Pseudofasciolosis is the potential for 

misdiagnosis in such tests. Moreover, coprological diagnosis of 

fasciolosis is possible from 8-12 week post-infection (WPI) .Although 

ELISA can detect F. hepatica specific-antibodies as early as 2-4 week 

post-infection, thus providing the tool for early detection of the infection, 
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there is the possibility of cross-reactivity with other trematodes 

antibodies, leading to false positive results (Ievieux et al 1992; Hillyer, 

1985; Hilyer and De Galanes, 1988). In recent years, sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and Western 

blot procedures have created a new era in immunodiagnosis which greatly 

reduced cross-reactions. These techniques were used as a verifying test in       a `1111111111111111111111111111111111111111111111111111 the diagnosis of viral and bacterial infections at first, but lately these techniques have been used in 

the field of parasitology (Sarimehmetoúlu, 2002). Electrophoresis is a 

new methodological approach offers a new way not only to discover 

drugs and vaccines but also to study host–parasite interactions. Over the 

last two decades various studies to identify and characterized proteins of 

immunological significance have been carried out, especially the 

candidates for immunodiagnosis or vaccinations in parasitoses (Moxon et 

al., 2010 and Toledo et al., 2011). 

 

Objectives of the Study: 

Overall objective: 

To study the protein profile and seroprevalence of Fasciola gigantica in 

ruminants in the Sudan.  

Specific objectives: 

1. To study the protein profile (antigenic structure) of Fasciola 

gigantica somatic and execretory–secretory products from sheep, 

goats and cattle.  

2. To study the prevalence of Fasciolosis and Paramphistomosis in 

ovine and bovines in Rabbak (White Nile Province). 

3. To assess the validity of the indirect ELISA for serological 

diagnosis of sheep and cattle Fasciolosis. 

4. To test the cross reactivity of F.gigantica ES/SO and 

Paramphistomum ES antigens using indirect ELISA 
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CHAPTER TWO 

2. Literature Review 

 

2.1 Taxonomy and Classification: 

  

Taxonomically Fasciola belongs to invertebrates and classification is 

presented as follows: 

Kingdom       :                      Animalia 

Phylum          :                      Platyhelminthes 

Class              :                     Trematoda 

Order             :                      Digenea 

Family           :                      Fasciolidea 

Genus            :                      Fasciola 

Species          :                      Fasciola hepatica; Linnaeus, 1758 and 

                                             Fasciola gigantica; Cobbold, 1856 

   The adult mature and gravid fluke is flat with its body shaped like a 

leaf. The size range is 25 to 30 mm and 8 to 15 mm in length and width 

respectively, depending upon the species. The adult parasitizes the 

liver/or gallbladder of the final hosts (Despommier and Karapelou, 1987; 

Andrews and Dalton, 1999). The fluke has an elongated anterior end 

known as a cephalic cone in which has an oral and ventral sucker. The 

intestines are highly branched and present throughout the body. The male 

and female reproductive organs are present near the sucker in the centre 

of the body. The female reproductive tract is a dense ovary and is located 

just above the testes and is linked to a short convoluted uterus that opens 

into a genital pore above the ventral sucker. The vitellaria are highly 

dispersed and divided in the lateral and posterior region of the body. F. 

gigantica and F. hepatica parasites are very similar to each other, varying 

in length and width. In addition, the cephalic cone of F. hepatica is 
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shorter than F. gigantica. The shape of the eggs of the two flukes is also 

very similar (Soulsby, 1984) with the measurements of F. hepatica and F. 

gigantica being approximately 150μm x 90μm and 200μm x 100 μm, 

respectively (Dunn, 1978). 

2.2: Epidemiology: 

    Fasciolosis is one of the most serious helminth diseases of the livestock 

in the world. It results in economic losses in livestock appearing in the 

form of mortalities from the acute disease in sheep and calves and 

decreased production and reproductive performance in the chronic form 

of the disease (Karib, 1962; Roseby, 1970; Haroun, 1975).  

     The disease is caused by two major species of Fasciola the most 

important of which are the Fasciola hepatica and F. gigantica. 

F.hepatica occurs in Europe, the Caribbean Islands, parts of North and 

South America , New Zeland, Australlia and the high lands of Africa and 

Asia (Over, 1982). F.gigantica is the most common cause of fasciolosis 

in domestic ruminants in tropical Africa, Asia and Middle East (Nwosu 

and Srivastarn, 1993; Diaw et al., 1994; Ndao et al., 1995).  

     F. hepatica is not a common liver fluke in Africa and it is only 

sporadically reported in Ethiopia, high lands of Kenya, Zaire, Egypt and 

South Africa. F.gigantica is the indigenous African liver fluke which is 

of wide occurrence throughout the continent. It occurs in both domestic 

and wild ruminants at both high and low altitudes from the north to the 

south of Africa. This large liver fluke is responsible for fasciolosis in 

cattle, sheep and goats in Africa and is the cause of considerable losses to 

livestock sector (Dinnik and Dinnik, 1959). 

2.3 Life Cycle: 

  The life cycle of Fasciola spp (Figure 1) consists of a wide range of 

final host, consisting of both, domestic and wild mammals (Boray, 1969). 

The final host is mainly a vertebrate, including a diverse group of 
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herbivorous mammals, including cattle, buffalo, goat, sheep, horse, zebra, 

donkey and rabbit. Sometimes humans can also serve as an accidental 

host. Furthermore, infection has also been reported in birds (Vaughan, et 

al., 1997).The life cycle of F.hepatica and F.gigantica is indirect 

involving an intermediate snail host belonging to the Family Lymnaeidae 

(Gastropods: Basommatophora) inhabiting water bodies (Mas-Coma et 

al., 2005). Eggs passed in the faeces of the definite host, develop and 

hatch releasing motile ciliated miracidia. The free swimming miracidia 

comes into contact with the intermediate snail host. It achieves entry into 

the snail by suctorial adhesion followed by cytolysis of the snail 

teguments (Dawes, 1959). After penetration into the snail, the miracidium 

shed its ciliated coat and develop asexually to sporocyst, rediae and 

finally cercarial stages. Cercariae swim freely in the water and become 

encysted on vegetation then develop into metacercariae, the infective 

stage. Herbivorous animals and human are usually infected by ingestion 

of aquatic plants (watercress, mint, spring water) that are contaminated 

with metacercariae (Markell and Voge, 1999; Rondelaud, et al., 2000). 

Several species of aquatic plants in Europe have been considered as an 

infection source for human fasciolosis (Mas-Coma et al., 1999). 

Furthermore, cercariae of Fasciola can float on water and encyst thus 

humans can become infected via metacercariae consumed with 

contaminated water (Chen and Mott, 1990). An experimental study by 

Taira et al., (1997) suggested that humans consuming raw liver or semi-

cooked liver dishes infected with juvenile flukes could easily be prone to 

infection. Research in Indonesia has established that infection with 

F.gigantica reaches a high prevalence in cattle and buffaloes in irrigated 

rice-producing areas where the snail intermediate host thrives (Copeman 

1999). The common practice by farmers of using faeces from buffaloes 

and cattle as fertilizer in rice field, feeding the rice straw after harvest and 
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Figure 1.1: Lifecycle of Fasciola. 

Reproduced from http:www.dpd.cdc.gov/dpdx 
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allowing these animals access to newly harvested fields to graze promotes 

infection and facilitates the continuation of the life-cycle of F.gigantica 

(Suhardono et al., 2006 personal communication). 

2.3.1 The Definitive Hosts: 

     Throughout most of its range F. gigantica is of greatest importance as 

a parasite of cattle and buffalo although, regionally, infection may assume 

importance in goats, sheep and donkeys. Hammond and Sewell (1974) 

proposed that F.gigantica is better adapted to cattle than sheep in that it is 

more infective and lives longer. Wild herbivores are also susceptible; 

Hammond (1972) reported infection in 16 species in Africa. Laboratory 

animals are not readily infected with F.gigantica and there are conflicting 

reports regarding their susceptibility. Such conflicting reports may be the 

consequence of differences in susceptibility of the various strains of 

laboratory animals used and there may also be regional differences in 

infectivity of strains of F. gigantica. 

     Hammond (1974) suggested that, due to inadequate diagnosis, human 

infections may be more common than indicated by the occasional case 

reports. A more recent review of human fasciolosis suggests that human 

disease results mainly from infection with F.hepatica with 2.4 million 

people infected and the further 180 million at risk (Anon., 1995). 

F.gigantica infections have been reported in Africa (Kyronseppa and 

Goldsmid, 1978), Egypt (Ali et al., 1984), the USSR (Sadykov, 1988), 

Germany (Schwacha et al., 1996) and Thailand (Kachintorn et al., 1988; 

Tesana et al., 1989). 

2.3.2 Snails as Intermediate Hosts: 

    The geographical distribution of F. hepatica and F. gigantica differ 

due to the different distributions of their intermediate snail hosts. F. 

hepatica is mainly found in temperate regions of Europe, America and 

Australia, where the lymnaeid amphibian snail Galba truncatula is the 
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most important intermediate host, being found mainly in mild and cold 

climatic zones (Mas-Coma and Bargues, 1997). F. gigantica is present 

in tropical and sub-tropical regions of Africa and Asia, where Lymnaea 

spp. such as, L. natalensis and L. rubiginosa are among the main 

intermediate host species. However, some Lymnaea species (Radix 

peragra, L. natalensis, Galba truncatuna…) are suitable intermediate 

hosts for both F. gigantica and F. hepatica. As a result the distributions 

of these species overlap in a number of African and Asian countries 

(Graczyk and Fried, 1999; Mas-Coma et al., 2005). Kendal (1954, 1965) 

regarded the race of the main intermediate hosts for F.gigntica in South, 

west and east Africa as lymnaea natalensis and in India, Bangladesh and 

Pakistan as L. rufescens. The two races merged, according to his accounts 

in Oman and lower Mesopotamia. He proposed the snail host in South 

East Asia as L.rubiginosa. A similar snail, L. allula is host to F.gigantica 

in Japan (Ueno et al., 1975) and Hawaii (Alicata, 1938). 

    The major role of L.auricularia as intermediate host for F.gigantica, 

proposed by Kendal (1954), has not been challenged by subsequent 

authors. However, a number of other species of snail have also been 

shown to support the development of F. gigantica (Boray, 1965; 

Shahlapour., 1994). Other Lymnaeids are L. euphratic in Iraq and L. 

auricularia in Oman. L. cailliaudi has been found responsible for 

transmission of both F. hepatica and F. gigantica (Farag et al., 1998). In 

Australia L. tomentosa (host of F. hepatica) was shown to be receptive to 

miracidia of F. gigantica from East Africa, Malaysia and Indonesia. 

     Dar et al., (2002; 2003; 2004) reported that several snail species may 

contribute to the transmission of fasciolosis in Egypt among these are L. 

truncatula and L. cailliaudi, the main intermediate hosts in water bodies 

of the Nile Delta. However, Radix natalensis is the essential intermediate 

host for F. gigantica based on field and experimental studies, while 
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Galba truncatula was found naturally infected with F. gigantica. The 

detection of F. gigantica-like larval stages was detected in planorbids as 

Biomphalaria alexandrina in Egypt (Farag et al., 1993; Farag and El-

Sayad, 1995; Farag et al., 1998; El-Shazly et al., 2002). Results based 

on the broad information acquired over many decades through studies 

indicate a clear preference of F. hepatica for Galba and of F. gigantica 

for Radix (Bargues et al., 2001; Bargues and Mas-Coma, 2005a). 

2.3.3 Developmental Stages: 

2.3.3.1 Development of the Eggs: 

    Eggs are shed by the adult mature flukes in the liver and bile ducts and 

pass into the intestine to be excreted in the faeces. The eggs consist of a 

fertilized ovum surrounded by a large number of yolk granules. They are 

yellowish brown in colour, oval in shape 130-150 um in length by 63-

90um in width (Markell and Voge 1981; Soulsby, 1984). The eggs which 

are passed out in the faces onto pasture are undeveloped and undergo 

embryonation outside the host (Rowcliffe and Ollerenshaw, 1960). 

Several physic-chemical factors, especially temperature, humidity and 

oxygen tension, are known to influence embryonation. The development 

of F.gigantica eggs was found to be more variable than that reported for 

F. hepatica. It takes from 52-109 days at temperature between 10˚c and 

22˚c (Dinnik and Dinnik 1959). 

2.3.3.1.1. The Miracidium: 

    The miracidium is about 130 um in length, broad anteriorly and 

tapering posteriorly to a blunt end. The cuticle is ciliated, and there is an 

anterior papilliform protrusion and a pair of darkly staining eye spots 

visible near the anterior end of the body. 

    The time required for development of miracidia in eggs of Fasciola 

gigantica varies with temperature. It was 10-11 days at 37-38˚c, 21-24 

days at 25˚c and 33 days at 17 -22˚c (Guralp et al., 1964). Grigoryan 
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(1958) considered 24-26˚c and pH 6.5-7 optimal and found that, under 

such conditions, 70-80% of eggs would develop. He found that eggs did 

not survive at temperature higher than 43-44˚c and that desiccation also 

was rapidly fatal. Ollerenshaw and Smith (1969) considered that 

hatching of eggs doesn't occur if the temperature is below 10˚c. Eggs of 

F.gigantica don't all developed at the same rate so that, from the same 

batch, miracidia may hatch over a period up to 14 weeks, thus enhancing 

their opportunity to infect a snail (Guralp et al., 1964).Guralp et al., 

(1964) also found that eggs were stimulated to hatch by exposure to 

sunlight or bright light. Once hatched  from the egg the miracidium 

becomes active, immediately starting to swim at great speed( on average, 

1mm s−1;Wilson and Denison, 1970) and survive in water for 18-26h 

(Asanji, 1988). 

The miracidia respond to light, which bring them near the water‘s surface 

increasing their chances of encountering a potential intermediate host 

(Kalbe et al., 1997; Saladin, 1979). High temperatures dramatically 

reduce the miracidium life-span to as little as 6 hours at 25 °C (Smith and 

Grenfell, 1984). However, a miracidium will only successful infect a 

snail if it locates and penetrates the snail within 3 hours of hatching 

(Kalbe et al., 1997). After 7 hours at 18-24˚c, miracidial activity 

decreases and if the miracidium fails to penetrate a suitable snail host, it 

generally dies within 24 hours. 

      The ciliated free swimming miracidium comes into contact with the 

intermediate snail host. It achieves entry into the snail firstly through 

attachment by means of a saucer-shaped structure located at the anterior 

end of the miracidium, developed by an envagination of the epithelium 

followed by cytolysis of the snail tegument (Kendall,1965).The time the 

miracidium takes to penetrate the intermediate host is approximately 30 

minutes. Once inside the snail, the miracidium shed its ciliated coat and 
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transform into a sporocyst containing up to six germinal balls (Dinnik 

and Dinnik, 1956 and 1959).This then migrates to the snail‘s digestive 

gland and grows further. 

2.3.3.2 Development in the Intermediate Host: 

2.3.3.2.1. Sporocyst, Rediae and Cerariae: 

     The sporocyst is 70-100 um in length. Within the sporocyst, the 

germinal balls replicate to give rise to mother rediae, which are freed 

when the sporocyst ruptures. The mother rediae begin to feed in the snail 

tissues and about third week from the entrance of the miracidia, daughter 

rediae develop inside the mother rediae. The daughter rediae penetrate the 

digestive glands of the snail and give rise to a third generation of rediae 

between the 22
nd

 and 33
rd

 days from snail penetration. The third 

generation rediae begin to shed cercariae via the birth bore. The infected 

snails begin to shed cercariae through their mouth 36-40 days after 

infection (Dinnik and Dinnik, 1956) or 45 days after infection 

(Bitakaramire, 1968). It has been determined that thousands of cercariae 

can be produced from a single miracidium (Lapage, 1968). Cercarial 

shedding is initiated by the presence of fresh water (Kendall, 1965).  

    Cercariae are tadpole-like with a discoidal body, long tail, oral sucker 

and ventral sucker in the centre of the body, similar to that seen in the 

adult fluke. Following shedding the cercariae swim very actively, they 

then cast off the tails and become encysted on vegetation to form the 

metacercariae, the infective stage. Here they remain until they are 

ingested by the final host. About two thirds cercariae attached to objects 

within 6.4 cm of the surface of water (Ueno and Yoshihara, 1974). The 

remainders don't attach but become" floating cysts" (Dreyfuss and 

Rondelaud, 1994). The proportion of floating cysts  is higher for 

F.gigantica than F.hepatica (Dreyfuss and Rondelaud, 1997), suggesting 

that such metacercariae may be more important as source of infection 
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with F.gigantica than they are for F.hepatica, when stock drink from 

habitats where cercariae are being released. Furthermore, the floating 

cysts may move with flow of water to be a source of infection at sites 

where the habitat is unsuitable for snails and therefore presumed safe 

from infection. This possibility was demonstrated by Suhardono et al., 

(1999), who successfully infected sheep with F.gigantica with the 

sediment of water flowing from rice field containing L.rubiginosa 

infected with F.gigantica.  Cercariae can also be found floating freely in 

water (Esclaire et al., 1989) and thus the final host may be infected by 

drinking contaminated water (Bargues et al., 1996). 

     About 80% of cercariae are shed at night (Guralp et al., 1964; Da 

Costa et al., 1994). The total number of cercariae produced per snail is 

usually a few hundred but this varies from fewer than 100 to some 

thousands. Bitakaramine, (1968a) recovered a mean of 653 

metacercariae of F.gigantica per snail from laboratory infection of 

L.natalensis but Grigoryan, (1958) reported that up to 2700 cercariae per 

snail may be produced and Guralp et al., (1964) counted 7179 cercariae 

released from a snail over a period of 75 days.  

     Morphologically, the metacercaria is a round cyst, approximately 0.2 

mm in diameter (Chen and Molt, 1990). The structure of the cyst wall is 

complex. Essentially, it consists of an outer cyst and inner cyst. The outer 

cyst is composed of external layer of tanned protein and an underlying 

fibrous layer of mucoprotein. The inner cyst has a complex 

mucopolysaccharide layer subdivided into three, and an additional layer 

of laminated or keratinized protein. A region of keratinized layer is 

specialized to form the ventral plug, which is the point through which the 

fluke will hatch (Bennett and Threadgold, 1973). The outer cyst wall 

probably acts as a barrier against bacterial and fungal infections, and is 

also important for attachment to the substrate, normally grass (Dixon, 
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1965). Strong adhesion to grass for long periods is important for the 

survival of metacerariae and the infection of the final host. The process of 

encysment takes approximately 24 hours, after which the metacercariae 

become infective (Chen and Mott, 1990). 

      The duration of survival of metacercariae is inversely related to 

temperature of storage and directly related to the degree of hydration. 

2.3.3.3 Development in the Definitive Host: 

     The metacercariae are not fully infective just after encystations. At 

room temperature, they require at least 2-3days to become fully infective 

to definite host. In definite host the newly encysted metacercariae 

required at least 24 hrs to become infective (Boray, 1969). Once ingested 

by the definite host, metacercariae begin to exyst in the small intestine 

within approximately one hour after ingestion. Many factors concerned 

with exystation have been studied by Dawes and Huges (1964). They 

found that exystation induced by partial digestion of the cyst wall with 

acid pepsin, followed by the action of trypsin and bile salts. Following 

this they penetrate through the intestinal mucosa into the peritoneal cavity 

where they browse on the available tissue at about two hours after 

ingestion. It is thought that the process of penetration of the intestinal 

wall is aided by the secretions produced in the fluke′s gut (Bennet and 

Threadgold 1973). Within 24 hrs of infection the majority of the 

immature flukes occur in the abdominal cavity and by four to six days 

after infection the majority have penetrated the liver capsule and are 

found migrating in the liver parenchyma. (Soulsby, 1984; Andrews, 

1999). 

     After penetrating the liver capsule, the immature fluke burrows 

through the liver tissue, feeding on available tissue and causing extensive 

haemorrhage and fibrosis before eventually reaching the bile ducts. This 

period of migration through the liver parenchyma takes five to six weeks 
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in cattle (Dixon, 1965) and most of them reach the bile ducts by eight 

weeks. They then complete development to sexually mature adults, begin 

to produce eggs and the cycle repeats. 

      Reports of the duration of the prepatent period vary, usually from 

about 12 to 16 weeks (Grigoryan, 1958; Guralp et al., 1964; Sewell, 

1966; Prasitirat et al., 1996). Reasons for this variation may include the 

sensitivity of the method used to detect eggs in faeces, the number of 

flukes in the infecting dose, breed of host and strain of F.gigantica. The 

output of eggs rises for the first 4 to 12 weeks after eggs appear in the 

faeces (Sewell, 1966; Prasitirat et al., 1996) then fall to low levels, 

reducing the value of faecal egg counts as an indicator of level of 

infection (Sewell, 1966). With the same infecting dose faecal egg counts 

are up to 80% lower in buffalo than in cattle (Prasitirat et al., 1996; 

Wiedosari and Copeman, 1990). Counts also vary between breed of 

cattle, in Bali cattle about 45% less than those in Ongoles with the same 

exposure to infection (Wiedosari and Copeman, 1990) but some survive 

at least 3 to 4 years (Alicata and Swanson, 1941; Hammond and Sewell, 

1975). 

2.4 Identification of Fasciola spp.: 

      F. hepatica and F. gigantica are the main species belonging to the 

genus Fasciola (Platyhelminths: Digenea: Fasciolidae), causing 

fasciolosis in livestock and humans. These parasites occur in a wide range 

of definitive hosts and have a widespread geographical. Because of their 

public health and economic significance, an accurate identification of 

Fasciola species is necessary for clinical management of infection, and 

for epidemiological surveys (Ai, 2011). In order to understand the 

taxonomic relationships and the history of evolution (phylogeny) of 

Fasciola spp., this is an overview of the studies on identification of 
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Fasciola spp., based on morphological features, and emphasizes on the 

characterization of genetic variation. 

2.4.1. Morphological and Merphometrical Identification: 

 

    The traditional identification methods are based on discrimination of 

morphology between species: F. hepatica and F. gigantica, described by 

Dunn (1978) and Soulsby (1984). Due to species overlap it is difficult to 

identify the prevalent species accountable for infection in these areas, as 

the distribution patterns of both Fasciola spp overlap (Lotfy and Hillyer, 

2003). This may be a reason that infections diagnosed due to F. gigantica 

are less compared to F. hepatica (Marcilla et al., 2002). The three species 

of Fasciola (F. hepatica, F. gigantica, with intermediate forms) are 

morphometrically very similar to each (Srimuzipo et al., 2000; Terasaki 

et al., 2000). Earlier morphometric studies on adult flukes or their eggs 

were used to identify the different species. These were isolated from 

various domesticated animal hosts (Bergeon and Laurent, 1970). A more 

recent technical approach includes a computer image analysis system 

(CIAS) that is based on the standardized measurements of distances 

between organs of flukes. Valero et al., (2005) and Periago et al., (2006) 

used the computer image analysis system (CIAS) technique to measure 

the variations in morphometry between different populations of Fasciola. 

Previously this technique was performed on morphometry of both pure 

species of Fasciola adults in cattle from different regions (Valero et al., 

2001a, b; Valero et al., 2002). In Egypt (African region), Periago et al., 

(2006) used the CIAS technique to investigate inter and intra specific 

morphological diversity by analyzing specific morphological 

characteristics. Ashrafi et al., (2006) concluded that among various 

morphometrical parameters like VS-P, BL/BW, pharynx and oral sucker 

size can serve as a valuable taxonomic feature for species differentiation 
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by using CIAS technique. Moreover, Lotfy et al., (2002) reported that 

fluke length, testes length and length of the area behind the testes were 

the most striking dimensions to discriminate the two species. Based on 

the morphometric characteristics obtained by CIAS and on the 

comparison with standard populations of F. hepatica and F. gigantica 

from other geographical areas, flukes with an ―intermediate form‖ were 

identified (Ashrafi et al., 2006; Periago et al., 2006; Soliman, 2008). A 

wide range of morphological types of Fasciola spp. has also been 

detected in many countries of the Far East such as Japan, Taiwan, Korea, 

China and Vietnam (Ashrafi et al., 2006; Le et al., 2008; Periago et al., 

2008).  

    Morphologic, morphoanatomic and morphometric information can 

certainly differentiate between species; however these approaches are 

inapplicable when the intermediate form is involved. Therefore, in such 

cases the soluble protein isoelectric focusing (IEF) method has been 

considered as a useful tool for differentiating two species (Lee and 

Zimmerman, 1992; Lotfy et al., 2002). In endemic areas, where there 

was overlapping of the two Fasciola species, the molecular markers 

provided a better tool for species differentiation (Le et al., 2008). Specific 

differentiation of various species can only be made by a morphological 

study of adult flukes and by using molecular tools (Periago, 2008). In 

general fasciolids can be differentiated by morphometric techniques 

(Ashrafi et al., 2006), but flukes with intermediate characters can cause 

misunderstanding (Itagaki et al., 2005a, b). Especially in local areas, the 

existence of two species may result in hybrids through crossbreeding 

(Lotfy and Hillyer, 2003). This phenomenon has lead to necessitate the 

use of molecular methods to recognize the existing species (Semyenova 

et al., 2003, 2005, 2006; Lin et al., 2007; Le et al., 2008). 

2.4.2. Molecular Identification: 
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     PCR technology and DNA sequencing techniques facilitate 

identification of species, clarification of strains and genetic populations. 

The selected gene or sequence must be common, highly conserved 

within, and sufficiently divergent between taxa. Ideally, the variable 

regions should have adjacent conserved regions so that ―universal‖ 

oligonucleotide primers may be chosen (Kocher et al., 1989). The 

targeted sequence or gene must be long enough to provide sufficient 

numbers of informative characters for phylogenetic analysis. To date, 

thousands of complete or partially sequenced metazoan mitochondrial 

(mt) genomes and about 90,000 internal transcribed spacer-2 (ITS-2) 

sequences are available in GenBank (NCBI). Data from mitochondrial 

genomes and ITS genes have been extensively used in studies on animal 

evolution, phylogeny, biogeography, systematics, population genetics and 

related fields (Le et al., 2000).Several molecular methods such as, PCR, 

DNA sequencing, restriction fragment length polymorphism (RFLP) 

analysis and single-strand conformation polymorphism (PCR-SSCP) have 

been applied for the differentiation of the two Fasciola species (Le et al., 

2002). 

    The PCR-RFLP assay, a rapid and simple test, has been used for 

identification of Fasciola spp. by Marcilla et al., (2002). By using the 

common restriction enzymes AvaII and DraII, the sequences of 618-bp in 

the 28S rRNA gene from liver fluke populations of South America, 

Europe and Africa could be distinguished; no intraspecific variations 

were found with this technique because there were a few nucleotide 

differences between Fasciola species. In Iran, RFLP patterns of Fasciola 

hepatica and Fasciola gigantica from Far provinces based on 263 and 

356 bp fragments of 18s rDNA using DraI and BfrI restriction enzymes 

showed that BfrI restriction enzyme was obtained similar bands profile of 
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F.hepatica and F.gigantica whereas, restriction enzyme DraI can be 

created to differentiate between two species of Fasciola (Karimi, 2008). 

    With the results of sequencing of nad1 and ITS2 marker genes, the 

―Japanese form‖ of Fasciola was found: i) There was an 8.3% 

nucleotides difference in nad1 sequences between a triploid (3n) Japanese 

Fasciola isolate and a F. hepatica isolate from Uruguay. Based on these 

nad1 sequences the Japanese triploid worms could be categorized as F. 

gigantica; ii) however, there was homology of nucleotides at 8 positions 

in ITS2 sequences between these isolates. Consequently, it appeared to be 

difficult to simply categorize this Japanese Fasciola spp. as F. gigantica 

(Itagaki and Tsutsumi 1998 b). These authors suggested that the 

maternal ancestor of the Japanese worms is F. gigantica, with 

mitochondrial DNA inherited maternally. On the other hand, judging 

from the ITS2 sequence of nuclear DNA, the worms were also genetically 

similar to F. hepatica. It was concluded that the Japanese triploid worms 

might be a hybrid between F. hepatica and F. gigantica (Itagaki and 

Tsutsumi 1998b; Agatsuma et al., 2000). Similar findings were reported 

in other Asian and non-Asian countries: Korea (Itagaki et al, 2005); 

China (Huang et al., 2003; Lin et al., 2007); Vietnam (Le et al., 2008; 

Itagaki et al., 2009); Russia (Morozova et al., 2003) and Niger (Ali et 

al., 2008). From these studies it is suggested that the intermediate forms 

may have originated in interspecific cross-hybridization between paternal 

F. hepatica and maternal F. gigantica, resulting in an ―intermediate 

Fasciola‖.  

    Several studies have provided genetic evidence for the existence of 

―intermediate Fasciola‖ when characterizing ITS1 and ITS2 of rDNA in 

Fasciola isolates collected in various hosts (cattle, sheep, goat, including 

human), and geographical locations (i.e., Japan, Korea, China, Vietnam) 

(Huang et al., 2003; Lin et al., 2007; Le et al., 2008; Itagaki et al., 
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2009; Peng et al., 2009). These findings strongly suggest that the 

―intermediate Fasciola‖ in Japan, Korea, China and Vietnam originated 

from the same ancestors and has recently spread throughout those 

countries because of movement of infected animals without geographical 

barriers in this area (Itagaki et al., 2005; Le et al., 2008; Peng et al., 

2009). Also Phylogeny links the origin of the Fasciola in Potohar 

(Pakistan) with Fasciola in China, Vietnam, Iran and Egypt (Mufti thesis 

2011). The Fasciola in these countries are closely related and serve as a 

point of origin. Moreover, it is not only in the Asian region but also in 

different host species and geographical localities in West Africa that the 

―intermediate Fasciola‖ was found together with F. hepatica and F. 

gigantica, as shown by ITS1 and ITS2 sequences of rDNA (Ali et al., 

2008). Due to the observed limited variation of nucleotides in the marker 

genes from mtDNA and rDNA (Itagaki et al., 2005; Peng et al., 2009) 

between samples collected in different regions of the world, it is 

suggested that a very recent geographical diffusion of F. hepatica from 

Europe into the other continents could be inferred (Mas-Coma et al., 

2003, 2009; Lotfy et al., 2008). 

    Lotfy et al., (2008) carried out a study on molecular phylogenetic of 

fasciolids based on their origin, diversity and geographical location by 

using the 28S, region of nuclear rDNA, and mitochondrial nicotinamide 

dehydrogenase subunit 1 (nad1) sequences of different fasciolid species. 

The study concluded that liver flukes migrated from Africa to Eurasia and 

then back to Africa, switching over their intermediate host from a 

planorbid to a lymnaeid. There was also an addition of another definitive 

host (human) and a change in habitat, intestinal to hepatic within 

mammals. 

     Finally they concluded that a wide range of morphological types of 

Fasciola spp. (Ashrafi et al., 2006; Periago et al., 2006) has been 
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observed. At the extremes of this morphological range, some resemble F. 

hepatica, whereas others resemble F. gigantica, with intermediate forms 

in between. Several reports indicated that there are few variations in 

nucleotides in some marker genes of the mtDNA and more variations in 

the rDNA of the Asian fluke population (Itagaki et al., 2005; Le et al., 

2008; Peng et al., 2009). These observations suggest that in the 

intermediate forms the mitochondrial genome may be inherited from F. 

gigantica and the nuclear genome from F. hepatica. However, the 

classification of new forms of the ―intermediate Fasciola‖, and the 

production of interspecific hybridization between F. gigantica and F. 

hepatica, need to be further studied by using more genetic markers, more 

samples from different countries as well as from more different hosts. 

2.4.2.1. SSR Marker: 

     Microsatellite markers, also known as simple sequence repeats 

(SSR's), these markers are most useful and commonly used amongst the 

different classes of molecular markers. These are DNA sequences 

repeatedly present in the genome of Eukaryotes (Philips et al., 2001) as 

well as Prokaryotes (Varshney, 2004) and in bacterial genomes (Gur-

Arie et al., 2000). According to Bruford et al., (1996) and Turnpenny 

and Ellard (2005) SSR's are short repetitive DNA sequences of 1-6 base 

pairs that are distributed through the whole genome and are highly 

polymorphic and flanked by highly conserved sequences that varies in 

species and chromosomes, both in non-coding DNA and protein-

encoding DNA (Toth et al.,2000). Metzgar et al., (2000) suggest that 

SSR's are present in large numbers in non-coding regions in eukaryotic 

organisms. Gupta and Varshney (2000) suggest that frequency of 

microsatellites is higher in transcribed regions, especially in untranslated 

regions (UTR's) Yeast and vertebrate genomes possess a large number of 

these sequences (Hamada et al., 1982; Tautz and Renz, 1984). 
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Chistiakov et al., (2006) hybridized and reported different microsatellite 

sequences from a variety of organisms. Earlier repetitive DNA was 

termed as "junk" DNA due to its function being unknown. 

SSR-based markers have been commonly used to investigate diversity in 

a species and hence make it an important research tool (Varshney, 2002; 

Rudd, 2003). These markers are used as tools for techniques like 

genotyping, genetic mapping, medical genetics, forensics, positional 

cloning of genes, phylogeny, evolutionary biology and in oncology 

research. Utility of microsatellites as molecular markers in genome 

characterization and mapping is due to their small size 92-6 base pairs 

and they can be generated by amplifying and can be analyzed by PCR, 

whereas electrophoresis can be used for easy assessment. Developing 

SSR's is actually a laborious and time consuming process and steps in 

development limits their use in diversity evaluation. There are two 

general strategies for establishing SSR markers which include a search in 

the available data bases or their construction from the genome and 

establishing genomic or other libraries. Microsatellites applications are 

most practical in those species which possess a low level of genetic 

variation among interbreeding populations (Temnykh et al., 2000; 2001). 

Meuneir et al., (2001; 2004) suggested that an important aspect of 

fasciolosis epidemiology is to consider the colonization of existing snail 

species and genetic variability in the presence of high environmental 

parasitism pressure. Their study was to compare the genetic diversity in 

snail samples from Bolivian Altiplano with samples from France, 

Morocco, Spain and Portugal. Isolation and identification of markers was 

done by Trouvé et al., (2000), in which several loci of snails were studied 

with some variation present. Hurtrez-Bousses et al., (2001; 2004) 

isolated six microsatellite markers from 52 sample of F. hepatica from 

the Bolivian Altiplano, an area with a high fasciolosis rate. The study 
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concluded that five microsatellite loci were polymorphic supporting the 

Hardy-Weinberg law of random mating. The considerable variability 

present proposes an interbreeding which is favorable for diversity. Their 

results showed no genetic differences existed in host species (sheep, cattle 

and pig). It was also suggested that species diversity in the liver fluke 

should be considered while developing treatments and vaccines.  

2.4.3. Cytogenetic Identification: 

 

      The number and morphology of metaphase chromosomes have long 

been used to characterize species. Phylogenetic studies have mainly used 

information regarding chromosome numbers and morphology rather than 

fine details of chromosome organization, and hence have been applicable 

only for high-level comparisons (Session, 1990). The difference in size of 

metacentrics and subtelocentrics, as well as the number of chromosomes 

were firstly described in Japanese flukes by Sakaguchi (1980). Further 

study on karyotyping demonstrated differences in chromosome numbers 

of diploid (2n), triploid (3n) and mixoploid (2n/3n) specimens in 

populations of F. gigantica and F. hepatica from Japan, Korea (Terasaki 

et al., 1998), Vietnam (Itagaki et al., 2009), China (Yin and Ye 1990), 

Britain and Ireland (Fletcher et al., 2004). In these studies abnormal 

spermatogenesis was shown in triploid forms where the number of 

spermatozoa was smaller when compared to diploid forms. Different 

morphological forms of flukes appear to be related to the presence of 

triploids and diploids; triploids tend to be larger. Aspermic diploid and 

triploid forms have univalent chromosomes in primary oocytes, 

suggesting the potential of parthenogenesis (Terasaki et al., 2000). 

Diploid (2n), triploid (3n) and mixoploid (2n/3n) were found in both F. 

hepatica and F. gigantica (Fletcher et al., 2004; Itagaki et al., 2009). 
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These forms could be related to selective advantages in their reproduction 

and may not be of importance for the identification of Fasciola species. 

2.4.4. Electrophoric Identification: 

      The availability of complete genome sequences for a large number of 

parasitic organisms has opened the door for large-scale proteomic studies 

to dissect both protein expression/regulation and function. 

Electrophoresis is one of the innovative tools to exploit proteome - the 

genome operating system by which the cells of an organism react to 

environmental signals (Anderson and Anderson, 1996). The techniques 

include the development of activity-based probes and activity-based 

protein profiling methods to screen for pharmacological tools to perturb 

basic biological processes. The standard method for quantitative 

proteome analysis combines protein separation by high resolution 

(isoelectric focusing, SDS-PAGE) two-dimensional gel electrophoresis 

(2DE) with mass spectrometric (MS) or tandem MS (MSyMS) 

identification of selected protein spots. Important technical advances 

related to 2DE and protein MS have increased sensitivity, reproducibility, 

and throughput of proteome analysis while creating an integrated 

technology. By using 2DE with extended pH range and high-sensitivity 

protein identification by electrospray ionization and MSyMS, (Steven, 

2000) evaluated the potential of the 2DE-MS strategy to serve as the 

technology base for comprehensive and quantitative proteome analysis. 

Two dimensional Electrophoresis (2DE) form the first generation 

proteome tool as host proteome responses such as post-translational 

modifications of host proteins (phosphorylation, glycolysylation, 

acetylation and methylation) in reaction to parasite invasion can be 

detected and identified (Patton, 2000). 



27 
 

      The variation in electrophoretic patterns between two 

economically important species of Fasciola is important tools for 

identification of these species and also for vaccine designing. 

Disease biomarker discovery is generally carried out using two 

dimensional polyacrylamide gel Electrophoresis (2D-PAGE) to 

compare and identify differences in the protein expression 

patterns of two parasites. After 2D-PAGE fractionation and 

staining, the protein(s) of interest are removed, proteolytically or 

chemically digested and identified by mass spectrometry (MS). 

Although 2DPAGE separation provides excellent resolution, the 

need for protein staining and the subsequent sample handling 

limits the sensitivity of the overall approach. Protein profiling is 

expected to discover unexpected targets for drug design by 

determining the function of thousands of unidentified proteins still 

likely to be found in the genome of Fasciola hepatica and 

Fasciola gigantica. Electrophoretic Protein profiling is expected 

to multiply the number of known drug targets 100-fold. This will 

encourage the pharmaceutical industry to develop new drugs 

against fascioliasis. It will be also an indispensable tool for 

designing the species specific vaccine and for determination of 

molecular taxonomy of two parasites on more scientific grounds.  

 

            2.4.4.1. Electrophoretic Pattern as a Tool for Refining the Taxonomic 

 

           Status of Fasciola spps:  

 

    To discriminate the two principle species of fasciola and their isolates 

and varients of different areas is important for number of areas of 

research, particularly in defining taxonomy and monitoring transmission 

in epidemiological investigation. Much of the current knowledge of 
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Fasciola spp. taxonomy has stemmed from numerous observational and 

morphological studies. However, conventional methods of detection and 

differentiation of Fasciola do not accurately reflect the full diversity of 

Fasciola spp. Moreover, the identification of fasciola spp. by 

morphological distinction is quite unreliable (Ashrafi et al., 2006). A 

recent study investigated the extent of genetic variability among Fasiola 

collected from different host spp. and geographical localities (Lin et al, 

2011).  

     Comprehensive protein characterization by electrophoresis using more 

variable markers along with proteomic analysis of Fasciola species can 

be used to refine the taxonomic status of the ―intermediateFasciola‖ and 

to assess its potential as a zoonotic agent. Nevertheless, molecular 

genetics studies over the past two decades have added significantly to our 

understanding of Fasciola taxonomy, genetics, and contributed to the 

development of advanced approaches for the accurate identification and 

differentiation of Fasciola spp. Importantly, these molecular methods 

have facilitated the identification of the hybrid ―intermediate Fasciola‖. 

However, presently there is no molecular diagnostic method. Somatic and 

E\S antigens of two spps. have been contrasted using SDS PAGE, which 

provides the baseline to distinguish between two on electrophoretic basis. 

Differences between F. hepatica and F. gigantic somatic proteins have 

been noticed. F. gigantica has 11 major protein bands with molecular 

weights of 18, 22, 24, 33, 36, 42, 46, 57, 60, 62 and 68 kDa, whereas F. 

hepatica has proteins characterized by 8 distinct bands with molecular 

weights of 18, 22, 24, 33, 36, 42, 46 and 62 kDa. (Meshgi et al., 2008). 

 

2.4.4.2. Electrophoresis as a Tool for Reconstruction of Phylogeny of 

Fasciola spps:  

  

   The origins, patterns of diversification, and biogeography of fasciolids 
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are all poorly known. Molecular phylogenetic studies will help us to 

better understand the origins, radiation, evolution, and patterns of host 

use of these important trematodes (Lotfy et al., 2008). Phylogenetic tree 

of Fasciola enzymes have been constructed by various researchers. The 

phylogenetic data (using cathepsin L and GST) also suggest that the F. 

gigantica and F. hepatica species separated approximately 19 million 

years ago, around the time that the ancestors of modern-day pecoran 

lineages diverged. These observations are consistent with both co-

adaptation and co-speciation of the parasitic genes with the parasite's 

host. (Irving et al., 2003). Recent phylogenetic, biochemical and 

structural studies indicate that trematode cathepsins exhibit overlapping 

but distinct substrate specificities due to divergence within the protease 

active site. The developmentally regulated expression of these proteases 

correlates with the passage of parasites through host tissues and their 

encounters with different host macromolecules (Stack et al., 2011).  

    The analysis and characterizing the profile of cathepsin L proteases 

secreted by adult F. hepatica by two-dimensional gel electrophoresis (2-

DE) and MS is used to determine the relative importance of the various 

cathepsin L groups to parasite virulence and adaptation. A phylogenetic 

analysis of 24 F. hepatica and eight F.gigantica full-length sequences 

revealed that these separated into five well supported clades that arose by 

a series of gene duplications The two initial gene duplications separated 

the cathepsins isolated from the infective newly excysted juvenile 

parasites (Clade 3, FhCL3 and Clade 4, FhCL4) from three clades 

expressed in the adult worm stage (clades FhCL1, -2, and -5). Following 

this, gene duplicationled to the separation of the adult clades FhCL1 

andFhCL5 from clade FhCL2. The phylogenetic tree also showed that the 

Fasciola clade FhCL1 has undergone the greatest expansion and is 
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represented by three distinct subclades: FhCL1A, FhCL1B, and FhCL1C. 

It is noteworthy that all clades contain sequences from both F. hepatica 

and F. gigantica. However, subclades FhCL1A and FhCL1B are 

composed exclusively of F. hepatica sequences, whereas clade FhCL1C 

contains only one F. hepatica cathepsin L. This phylogenetic analysis, 

therefore, indicates that the early duplication events in the cathepsin L 

gene family occurred before the speciation of the F.hepatica and F. 

gigantica fasciolids and that expansion of subclades FhCL1A/FhCL1B 

and FhCL1C occurred after these gregation of these two species. Irving et 

al., (2003) made a similar observation and suggested that divergence of 

the FhCL1 clade reflected adaptation of the "temperate" F.hepatica and 

the "tropical" F. gigantica to different host species (Robinson et al., 

2008b). The sample preparation of cathepsin L was done by 2D 

Electrophoresis and thus depicts its indispensable role for determining 

phylogeny of fasciolosis. 

2.5 Antigenicity of Fasciola spp.: 

2.5.1 Excretory/Secretory Material (ES):  

     The ES of many digenetic trematodes play vital roles in host-parasite 

interactions including digestion, invasion and immune evasion. Fasciola 

ES is composed of products secreted into the gut and expelled via the 

mouth, material excreted through the median pore, and components of the 

tegument which are actively shed. The composition and role of Fasciola 

ES is varied, with different life stages secreting distinct sets of proteins 

(Carmona et al., 1992; McGinty et al., 1993; Tkalcevic et al., 1995). ES 

is also shown to vary among flukes developing in different hosts (Lee et 

al., 1992a).  At least 60 prominent ES proteins have been found, with a 

high number and abundance of protective enzymes, pointing to the central 

role of ES protecting Fasciola from host immune responses (Jefferies et 

al., 2001). Such proteins include oxidant scavenger enzymes, glutathione 
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S-transferase (GST) and fatty acid binding proteins (FABPs) (Piedrafita 

et al., 2000; Jefferies et al., 2001; Salazar- Calderon et al., 2003). 

Immune evasion and modulation is also assisted by ES (Jefferies et al., 

2001). ES has been shown to play a role in modulating host immunity 

towards a Th2 response through induction of IL-4 and IL-10 cytokine 

production (Brady et al., 1999; Cervi et al., 2001; O'Neill et al., 2001; 

reviewed in Mulcahy et al., 1999; Piedrafita et al., 2004). This can 

facilitate the chronic disease state. It is also capable of digesting host 

immunoglobulin, aiding evasion of antibody-dependant cell cytotoxicity, 

as well as causing downstream release of cytokines, modulating the 

immune response (Berasain et al., 2000). It has been shown to kill 

lymphocytes in vitro (Goose, 1978), decreases nitrite production and the 

phagocytic ability of rat peritoneal cells (Cervi et al., 1996; Masih et al., 

1996; Cervi et al., 1998), and suppresses delayed-type hypersensitivity 

(Cervi et al., 1996). ES can also modulate lymphocyte proliferation 

(Cervi et al., 1998; Prowse et al., 2002), reduce CD4+ surface expression 

(Prowse et al., 2002), prevent peritoneal inflammatory cells killing NEJ 

in vitro (Goose, 1978) and may prevent antibody-mediated eosinophil 

attachment to juvenile flukes (Carmona et al., 1992; Carmona et al., 

1993). Secreted material from the tegument may also modulate the 

immune response towards Th2 by activating mast cells (Trudgett et al., 

2000; Trudgett et al., 2003). Further, a Kunitz-type molecule isolated 

from F. hepatica has been proposed to play a role in immune evasion 

(Bozas et al., 1995), similar to that performed by protease inhibitors in 

other parasite species (Leid et al., 1987; Ghendler et al., 1994).  

     Adult Fasciola residing in the bile duct are primarily blood-feeders, 

though they also ingest hyper-plastic bile duct epithelium (Fairweather et 

al., 1999). Fasciola absorb nutrients through the tegument and intestinal 

epithelium of the gut (Tielens, 1999). Digestion is mainly an extracellular 
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process that is completed intracellular. A number of potential digestive 

enzymes have been recognised in ES that can degrade a large range of 

host substrates such as collagen, haemoglobin, albumin and 

immunoglobulin (Acosta et al., 1998; Piacenza et al., 1999; Berasain et 

al., 2000).  

     Enzymes recovered from regurgitant are expected to play a role in 

feeding and nutrition, and the variety of enzymes present may reflect the 

range of food available or alternatively, different suites of enzymes may 

be expressed in different hosts. Many of the proteolytic properties 

associated with ES have been attributed to cysteine proteases, specifically 

cathepsin L-like and B-like proteases, with cathepsin L-like proteases 

accounting for a large proportion of the ES from adult fluke (Jefferies et 

al., 2001; Morphew et al., 2007; Robinson et al., 2008). Work on other 

helminth parasites suggest that proteases in ES from these parasites are 

involved in migration (Na et al., 2006; Williamson et al., 2006), and it 

has been proposed that several Fasciola ES enzymes, including cysteine 

proteases are involved in tissue migration (Law et al., 2003; Alcala-

Canto et al., 2005). Many ES products are immunogenic and can be used 

in diagnosis. A monoclonal antibody directed against ES and used for 

diagnosis in human fasciolosis (Espino et al., 1990; Espino and Finlay, 

1994) also confers passive protection to mice against F. hepatica (Marcet 

et al., 2002), while several ES products have been characterised for use as 

vaccines or proposed drug targets (Wijffels et al., 1994; Dalton et al., 

1996; Hawthorne et al., 2000; Dalton and Mulcahy, 2001).  

      SDS-PAGE analysis (12 % resolving gel) of total E/S antigen of 

F.gigantica revealed 7 polypeptide bands at 23, 25, 28, 43, 47, 52 and 66 

kDa molecular weights( Latchumikanthan et al., 2012). On the contrary, 

four proteins bands of size 17, 21, 57 and 69 kDa were observed for E/S 

antigen of F. gigantica in 12.5 % SDS-PAGE by (Goubadia and 
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Fagbemi (1997). El Ridi et al., (2007) also observed prominent bands at 

62-60, 40, 30 and 28 kDa for excretory/ secretory products from F. 

gigantica by 12 % SDS-PAGE. 

     E/S antigen from F. gigantica by 75 % alcoholic fractionation 

revealed 3 protein bands at 28, 43 and 47 kDa. A single band at 28 kDa 

size was detected in anion exchange chromatography purified fraction 

(peak fractions 14, 15 and 16) Latchumikanthan et al., (2012), which is 

similar to the findings of Fagbemi and Hillyer (1992) who observed 

molecular weight between 20 to 100 kDa in SDS-PAGE with peak 

proteolytic fraction obtained from adult F. gigantica revealed 28.3 kDa 

protein under reducing and non-reducing SDS-PAGE. Sriveny et al., 

(2006) observed doublet 27- 29 kDa cathepsin L cysteine proteinase 

antigen from F. gigantica in 15 % SDS-PAGE on purification with anion 

exchange chromatography and Dixit et al., (2003) characterized 28 kDa 

cysteine proteinase from bubalian liver flukes using 15 % SDS-PAGE. 

Purification of F. gigantica functional antigens by chromatography 

method is expected to remove host components, which if present are 

liable to cross react with the conjugate and elicit false results in ELISA 

and Dot-ELISA. Fagbemi et al., (1997) reported that chromatography 

methods could be used as very effective tools for isolation of candidate 

diagnostic molecule from the parasites.  

     In recent years, Western blotting has greatly decreased the risk of 

cross reactions in studies carried out in humans and animals with 

fasciolosis (Rivera-Marrero et al., 1988; Ruiz-Navrrete et al., 1993). 

Ruiz- Navarrete et al., (1993) studied the immune response of sheep to 

somatic components and E/S products of adult F. hepatica, and they 

determined that the bands of 20-23 kDa obtained from somatic antigens 

and 23-27 kDa obtained from E/S antigens could be used for diagnosis. 

Hillyer and De Galanes (1991) obtained sera from human patients, 
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calves, sheep and rabbits infected with F. hepatica and tested the enzyme-

linked immunoelectrotransfer blot (Western blot) techniques with F. 

hepatica E/S antigens in order to evaluate their immunodiagnostic 

potential. They reported that serum samples from humans, rabbits, cattle, 

and sheep with fascioliosis recognized 2 antigenic polypeptides of 17 and 

63 kDa in the form of sharp bands. Rivera-Marrero et al., (1988) used 

Western blotting and reported that the bands of 25-30 kDa in E/S antigens 

were specific for acute and chronic fasciolosis in rabbits, cows and sheep. 

Fredes et al., (1997) analyzed the antigenic components of E/S products 

of adult F. hepatica by SDS-PAGE followed by Western blotting. SDS-

PAGE and Western  blotting results using serum samples from infected 

sheep, pigs and horses showed that the 400, 150, 29 and <29 kDa 

fractions contained polypeptides, specifically recognized only by infected 

animals. When these fractions were evaluated with serum samples from 

sheep, horses and pigs by means of ELISA the most efficient fraction was 

the 29 kDa, exhibiting a mean sensitivity and specificity of 94.5% and 

93.5%, respectively. They concluded that the 29 kDa fraction has the 

potential for the development of a specific ELISA test for the mass 

screening of fasciolosis. Sampaio-Silva et al., (1996) reported that 25-27 

kDa components were recognized by all 20 fasciolosis sera from humans 

using E/S products of adult worms of F. hepatica. Guobadia and 

Fagbemi (1995) found that 17, 21, 57 and 69 kDa protein bands were 

specific for F. gigantica infection in sheep. ES and crude antigens 

obtained from F.hepatica in sheep were separated by SDS-PAGE, seven 

protein bands and twenty three protein bands were detected between 6.5 

and 205kDa, repectively (Gӧnen et al.,2004). The specific protein bands 

for F. hepatica infection were 33, 39.5 and 42 kDa in E/S antigens and 

24, 33 and 66 kDa in crude antigen. The 33 kDa band is the common 

immune reactive band, and it is the most appropriate for use with this 
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antigen. Since this polypeptide was recognized by all infected animals 

using both E/S and crude antigens, this could play an important role in the 

diagnosis of sheep fasciolosis. According to (Sarimehmetoğlu, 2002) 

results, the specific protein bands determined in ES antigen obtained from 

F.hepatica in cattle were 36, 26 and 17kDa.  

      The immunological techniques offer an interesting option for the 

diagnosis of human fascioliasis (Rahimi et al., 2011; Almazan et al., 

2001). Among these tests, ELISA has been developed using ES antigens 

from adult flukes, purified antigens, or recombinant antigens (De 

Almeida et al., 2007; Dixit et al., 2002; Maleewong et al., 1996). An 

ELISA using the 27 kDa native protein isolated from ES products of 

Fasciola spp. has shown high sensitivity and specificity in the diagnosis 

of human fascioliasis (Dalimi et al., 2004). Several groups have reported 

the purification of the immunodominant antigens from the ES products of 

the liver fluke (Silva et al., 2004; Yamasaki et al., 1989). Of these, only 

one group described the use of a purified 27 kDa cysteine proteinase from 

Japanese Fasciola spp. and its evaluation as an antigen in the diagnosis of 

human disease (Yamasaki et al., 1989). This proteinase demonstrated a 

high sensitivity and specificity in ELISA for human fascioliasis, showing 

only 1 case of cross-reactivity with sera from schistosomiasis japonicum 

patients. The purified fractions Fas 1 and Fas 2, which contain a cysteine 

proteinase of F. hepatica with an approximate molecular mass of 25-

26kDa, are specific and sensitive antigens (Cordova et al., 1997). Kamel 

et al., (2013) studied the dot-blot assay using F. gigantica adult worm 

regurge antigens (antigen I) vs. the partially purified fractions of the 

antigens with an approximate molecular mass of 27 kDa (antigen II) to 

evaluate their potential role in the diagnosis of human fascioliasis. The 

sensitivity, specificity, positive and negative predictive values using the 

adult worm regurge (antigen I) were 80%, 90%, 94.1%, and 69.2%, 
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respectively, while those using 27 kDa (antigen II) were 100%, which 

confirmed the diagnostic potential of this antigen. 

      Two fractions were isolated from coproantigen by ion exchange 

chromatography in which DEAE cellulose was utilized. Both fractions 

and crude antigen were characterized by SDS polyacrylamide gel 

electrophoresis which revealed 13 bands of molecular weight ranged from 

205-31 in crude coproantigen. While fraction I resolved into six bands of 

molecular weight 198, 178, 148, 111, 101 & 45. Fraction II showed seven 

bands of 191KDa, 178 KDa, 166 KDa, 1I8 KDa, 98.5 KDa, 72 KDa & 32 

KDa. Fraction II was higher immunoreactivity than fraction by ELISA. 

Three immunoreactive bands of 191 KDa, I18 KDa & 98.5 KDa were 

identified in fraction 11 using immunoblot assay. Five bands of 178 KDa, 

148 KDa, 1I I KDa, 101 KDa & 45KDa were detected in fractionI 

(Abdel-Rahman and Abdel-Megged, 2000). Reports on the diagnosis of 

fascioliasis by detection of coproantigen in feces of different hosts 

included use of polyclonal sera and monoclonal antibodies developed 

against a 26-28KDa coproantigen (Espino et al., 2000; Paz-silva et al., 

2002). Abdel-Rahman et al., (1999) proved that this antigen is 

monomeric, highly glycosylated glycoprotein composed of 8 KDa protein 

cores which still contained the epitope recognized by the MoAb. The 

antigen did not posses protease activity but could be cleaved by trypsin 

without altering the reactive epitope. Indirect immunofluoresence of 

tissue sections of adult fluke indicated that 26-28KDa coproantigen was 

present in gut cells and tegument (Abdel-Rahman et al., 1999).     

2.5.2. Surface and Somatic antigens: 
 

      Fasciola parasites in the bile ducts are able to survive for many years 

despite being exposed to the immune system. Fasciola worms present a 

large interface with the host, which means that they must possess an 
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evasion mechanism(s) to overcome antiworm immune strategies. One 

major interface between the parasite and the host is the tegument. The 

tegument of bile-dwelling F.gigantica is the interfacing layer that helps 

the parasite to maintain homeostasis, and evade the hostile environment, 

including the host's immune attack. The tegument is highly folded and 

invaginated into numerous ridges, pits and spines, which help to increase 

the surface area of the tegument for the absorption and exchanging of 

molecules, as well as for attachment. The outer membrane covering the 

tegument is a trilaminate sheet about 12 nm thick, and coated with a 

carbohydrate-rich glycocalyx layer that also bears high negative charges. 

Some host molecules may also be absorbed onto this layer. This unique 

characteristic enables the parasite to evade the antibody dependent cell-

mediated cytotoxicity (ADCC) reaction excreted by the host. So the 

tegument carries out several functions, including osmoregulation, 

secretion, uptake of nutrients, and evasion from host immune responses 

(Dalton et al., 2004). Tegumental proteins of trematodes have been 

shown to be targets of several anthelmintic drugs (Meaney et al., 2004; 

Meaney et al., 2003) and vaccine candidates (Loukas et al., 2007; 

Mulvenna et al., 2010; Spithill and Dalton, 2010). Migrating flukes 

make alterations to the outer tegument, secrete granules and are 

constantly shedding the tegument, only slowing down these processes 

once in the relative safety of the bile duct (Reddington et al., 1984; 

Sobhon et al., 1998). The constant sloughing of the tegument may help 

protect against specific antibodies and eosinophil attachment, or act as a 

decoy (Hanna, 1980; Keegan and Trudgett, 1992). Secreted granules 

have been proposed to promote production of irrelevant antibody 

(Piedrafita et al., 2004). The fluke's antigens that can elicit strong 

immunological responses in animal hosts are synthetized and released 

mainly from tegument and the caecum. 
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      The electrophoretic pattern under reducing conditions of 12% SDS-

PAGE showed some similarities and differences between crude somatic 

protein extraxt of Fasciola gigantica which revealed presence of 11 

bands and 14 bands in case of Fasciola hepatica coexisting in bovines 

(Gul  et al., 2013). The 11 bands in soluble protein fraction of Fasciola 

gigantica (bovines) reported in their study were in agreement with the 

study carried by (Meshgi et al., 2008). However the 14 bands found in 

Fasciola hepatica (bovines) was in close association to the results of (El-

Rahimy et al., 2012) who noticed 13 bands. Dominant bands for both 

Fasciola gigantica and Fasciola hepatica in bovines clustered between 

46 and 58 Kda; and also between 17 and 25 Kda. The identified clustered 

proteins during the current investigation were in accordance to Goreish et 

al., (2008) and Espino et al., (1993) respectively. In addition ~24 Kda 

and ~57 Kda being common protein band between the two species protein 

extract corresponds to Cathepsin L cystein proteases (Robinson et al., 

2008) and leucyl aminopeptidase which are considered to be the relevant 

candidate for vaccine development against ruminant fascioliasis. 

(McManus and Dalton 2006; and Acosta, et al., 1998). The 

electrophoretic scanning also revealed the presence of ~ 110 Kda proteins 

in Fasciola gigantica which was also revealed by Maghraby et al., 

(2007). Sobhon et al., (1996) analyzed the proteins from the 

homogenized whole body of F. gigantica: it was found that there were 

approximately 21detectable bands, ranging in molecular weight from 17 

to 110kDa. Eleven of the bands at 97, 86, 66, 64, 58, 54, 47, 38, 35, 19, 

and 17 kDa, were present in the tegument antigen which was extracted 

from the parasites‘ bodies by Triton X-100. The majority of antigens 

derived from the surface membrane and the tegument are MW 97, 

66,58,54,47 and 14 KDa, while those released from the caecum are 

cysteine proteases of MW 27, 26 KDa (Sobhon et al., 1998). In 
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comparison, there has been considerable study of F. hepatica. Itagaki et 

al., (1995) found that the major antigens of adult Fasciola spp. were at 

64-52, 38-28, 17, 15, 13, and 12kDa; it was also reported that the antigens 

at 66, 58, and 54kDa were more species-specific, they might be possible 

candidates for serodiagnosis of fascioliasis in cattle. Several protein 

bands between 21 to 110 kDa were found in somatic products of 

Sudanese F.gigantica (Goreish 2002).She reported that the 

immunoreactive polypeptides between 27 to 30 KDa were identified in 

both ES and SO preparation in naturally infected animals and 

experimentally infected animals after 4 weeks of infection. Ortiz et al., 

(2000) used E/S, somatic (SO) and surface (SU) antigens of adult F. 

hepatica for antibody response determination in dairy cattle naturally 

infected with F. hepatica. They reported that antibody responses were 

developed against 60-66 kDa in E/S and SU antigens and 17kDa in SO 

antigen. Monoclonal antibodies have been raised against some of these 

antigens, and have been embloyed in immunodiagnosis of infection. 

Viyanant et al., (1997) studied a monoclonal antibody specific to a 

66kDa antigen of F. gigantica for the detection of circulating antigens in 

experimentally and naturally infected cattle, they reported that circulating 

antigens could be detected as early as the second and third weeks after 

infection; these antigens was associated with the crude surface tegument 

of the parasite. From the protection conferred to animal models and the 

vitro killing assays of young parasite by specific antibodies, candidate 

vaccines could be selected from these antigens such as antioxidant 

enzyme, glutathione-S-transferase, the digestive enzyme cysteine 

proteases, the surface–tegument proteins, such as fatty acid binding 

protein (14KDa), membrane protein (at 66 KDa), as well as muscle 

protein paramyosin, and hemoprotein. In an earlier study, Youssef and 

Mansour (1991) purified adult F. gigantica by Sephadex G-200. They 
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found 4 distinct protein peaks and used peaks II and III for further antigen 

study. Electrophoretic analysis of fraction 10 of the two peaks showed a 

protein band of between 10 and 66kDa. This indicates that the 

purification of the surface tegument antigen of F. gigantica is a sound 

method of antigen production. Krailas et al., (2002) purified surface 

tegument antigens of F. gigantica by gel-filtration chromatography. The 

fractions were characterized and studied; proteins with molecular weights 

ranging from27 to 97kDa were present in the fractions of purified 

antigens. They differentiated the MAbs produced in this study by EITB. 

The first group recognized epitopes present in 60 and 38kDa; the second 

group had protein of 66, 60, and 38kDa. These MAbs were tested for 

their cross-reactivity with other trematodes commonly found to infect 

cattle and man. All of these MAbs showed some degree of cross-

reactivity with other trematode species. Comparative studies on the 

sensitivity and specificity of various antigenic components for 

immunodiagnosis of human fascioliasis were reported previously.  The 

antigenic components of Fasciola gigantica somatic extract were 

revealed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

(SDS-PAGE) and immunoblotting technique using sera from patients 

with F. gigantica infection, patients with clinically diagnosed fascioliasis, 

patients with other infections/illness and healthy adults. By SDS PAGE, it 

was found that the somatic product comprised more than 22 polypeptides. 

Immunoblotting analysis revealed at least 13 components which were 

strongly recognized by sera of patients with fascioliasis. These antigenic 

components had molecular weights ranging from less than 14.4 to more 

than 94 kDa. One antigenic component, i.e. 38 kDa was found to give a 

consistent reaction with sera of patients with fascioliasis (100% 

sensitivity and 96.7% specificity) (Maleewong et al., 1996). The finding 

suggests that the 38 kDa components may be a potential diagnostic 
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antigen for fascioliasis. Similar results reported that sera from sheep and 

cows experimentally infected with F hepatica recognized prominent 

antigens located between 30 to 38 kDa of F. hepatica somatic antigen 

(Santiago and Hillyer, 1988). Shaker et al., (1994) reported that the sera 

of patients with fascioliasis recognized the Fasciola somatic antigenic 

fractions at the 33 and 54 kDa.Yamasaki et al., (1989) demonstrated that 

the Fasciola proteinase, with an approximate molecular weight of 27 

kDa, was valuable as a sensitive ELISA antigen for immunodiagnosis of 

human fascioliasis. Similar investigation evaluated the performance of a 

27 kDa subunit of F. hepatica somatic antigen in two systems, 

immunoblotting and ELISA, and showed that this subunit has satisfactory 

validity in diagnosis of human fascioliasis (Shafiei, et al., 2015). This 

finding is also in agreement with Intapan et al., (2003), which showed 

that a 27 kDa antigen of F. gigantica adult worm has a valuable 

performance in an ELISA system for the serodiagnosis of human 

fascioliasis. Rokni and Ghravi (2002) in comparison of adult somatic and 

cysteine proteinase antigens of F. gigantica for serodiagnosis of human 

fascioliasis, showed a higher specificity of cysteine proteinase than 

somatic antigen. 

   To date, three groups of Fasciola antigens (whole-worm extract, 

excretory-secretory, and recombinant proteins) have been used in 

different immunodiagnostic procedures for diagnosis of fascioliasis 

(Arias et al., 2006; Carnevate et al., 2001; ElRidi et al., 2007; Hillyer, 

1999). Recently, the tegument of F. hepatica has been targeted by a 

number of proteomic approaches focused to investigate the distribution 

and abundance of surface protein composition of adult F. hepatica 

(Hacariz et al., 2011; Wilson et al., 2011).  Morales and Espino (2012) 

demonstrated the value of FhTA as an antigen for serodiagnosis of human 

fascioliasis, they proceeded to identify the major components of this 
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extract that react specifically with infection sera. SDS-PAGE separation 

of FhTA revealed that this extract contains more than 40 components, 

which is consistent with the large number of proteins identified within the 

tegument of F. hepatica following proteomic approaches (Hacariz et al., 

2012; Wilson et al., 2011). In the optimized Western blot conditions of 

their laboratory they   found that the 12-to-14-, 24-to-26-, 38-, and 52-

kDa bands were the components most frequently recognized (more than 

any other band) with fascioliasis sera irrespective of the antibody titer in 

the FhTA-ELISA. These bands were not detected in the sera of other 

parasitic infections; thus, these bands are considered to be highly specific 

for serodiagnosis of human fascioliasis. A proteomic approach identified 

enolase, aldolase, glutathione S-transferase, and fatty acid binding protein 

as the major immunoreactive components of the FhTA. Recently these 

proteins were found to be highly abundant either in the surface or the 

internal protein fraction of F. hepatica (Hacariz et al., 2011, 2012).  

FABP of F. hepatica has been recently categorized as an antioxidant 

molecule of the parasite (Robinson et al., 2008). Their abundance on the 

surface of F. hepatica indicates that these proteins play a role in the 

uptake of fatty acids from the environment, important for the parasite's 

lipid metabolism. GST is an enzyme found in all animals and plays a role 

in the detoxification and removal of harmful molecules. The 26-kDa GST 

from F. hepatica is an antigenic protein transiently expressed on 

tegumental surfaces excreted by the parasites (Abath and Werkhauser, 

1996). Previous independent studies have shown that vaccines containing 

FABP or GST induce partial protection in experimentally infected mice 

and sheep (Lopez et al., 2007, 2008; Paykari et al., 2002; 

Preyavichyapugdee et al., 2008). Enolase was also recently identified as 

an abundant protein of the surface of F. hepatica (Gaudier et al., 2012) 

and as an important egg-associated protein (Moxon et al., 2010). It is a 
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multifunctional glycolytic enzyme that is present on the surface of several 

pathogens and has been characterized in detail as a plasminogen receptor 

(Bernal et al., 2004). In Schistosoma bovis, eight isoforms of enolase 

have been identified, and four of these have been shown to be 

immunogenic in sheep (Perez- Sanchez et al., 2006). Aldolase is a central 

glycolytic enzyme in carbohydrate metabolism; therefore, it is vital for 

energy production that is important for parasite activities and survival. 

Recombinant forms of aldolase from S. mansoni have been shown to 

induce high levels of IgG1 in mice, which were associated with 57% 

higher protection against a challenge infection (Marques et al., 2008). 

      Proteins of 50 kDa and 25 to 40 kDa have been identified in the 

tegumental syncytium of various F. hepatica stages using monoclonal 

antibodies (Abdel-Rahman et al., 1999; Hanna and Trudgett 1983), but 

these proteins have not yet been purified and characterized. 

Immunohistochemistry demonstrated that FhTP16.5 localizes to the 

surface of the tegument of various developmental stages and in 

parenchymal tissues of the adult fluke. Such specific localization makes 

FhTP16.5 an attractive target for immunoprophylaxis or chemotherapy. 

Antibodies to FhTP16.5 were detected in the sera of rabbits at 3 to 12 

weeks of F. hepatica infection as well as in the sera of humans with 

chronic fascioliasis; these findings suggest that FhTP16.5 could be a good 

antigen for serodiagnosis of fascioliasis (Jose et al., 2012). 

      Of late, efforts are being focused on the use of larval antigens for 

serodiagnosis of human (Mousa et al., 1996) and ovine fasciolosis 

(Mousa, 2001) with high level of specificity. SDS-PAGE and 

immunoblot analysis was carried out to evaluate the metacercarial antigen 

for serodiagnosis of fasciolosis in cattle (Velusamy et al., 2006). SDS 

profile of metacercarial antigen and F.gigantica somatic antigen was 

compared; in metacercarial antigen twenty four polypeptides ranging 
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from 96-12 kDa were resolved. Almost similar polypeptide profile was 

observed in F.gigantica somatic antigen except 21 kDa which was unique 

to metacercarial antigen. In immuoblot studies, the immunoreactive 

protein recognized against metacercarial antigen were 43, 32, 25, and 21 

kDa. It was interested that the polypeptide which was unique to MAg 

(21kDa) reacted strongly as early as 10 days post infection and continued 

till the end of experiment, while reaction with 25 kDa polypeptide started 

on 2 weeks post infection and persisted till the end of the experiment. 

Also the comparative immunoblot studies with anti Gigantocotyle 

explanatum and anti paramphistomum epiclitum sera revealed that 21 and 

25 kDa polypeptides of metacercarial antigens did not react with any of 

these sera and appear to be unique to F.gigantica and having the desirable 

qualities of early and specific immunodiagnosis. In contrast to this study 

(Mousa, 2007) observed a band of 32.5 kDa in cercarial antigen as early 

as 2 weeks post infection using sera from sheep infected with 

F.gigantica.  

2.5.2.1. Comparison between ES and SO Antigens: 

Following SDS-PAGE, E/S proteins of F. hepatica and F. gigantica were 

characterized by the presence of 6 common major peptide bands with 

molecular weights of 15, 16, 20, 24, 33 and 42 kDa. Differences between 

F. hepatica and F. gigantica somatic proteins were noticed. F. gigantica 

had 11 major protein bands with molecular weights of 18, 22, 24, 33, 36, 

42, 46, 57, 60, 62 and 68 kDa, whereas F. hepatica had proteins 

characterized by 8 distinct bands with molecular weights of 18, 22, 24, 

33, 36, 42, 46 and 62 kDa Meshgi et al., (2008).They also showed the 

presence of three common bands between E/S and somatic peptides of F. 

hepatica and F. gigantica (24, 33 and 42 kDa). Allam et al., (2002) 

showed the presence of eight and five protein bands in whole worm 

antigens with lower molecular weights ranging from 25.5–48 in F. 
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hepatica and 27–57.6 kDa in F. gigantica. Finding on SDS-PAGE 

analysis of F.gigantica Upadhyay and Kumar (2002) reported eight ES 

bands with molecular weight 13-62 kDa and seven somatic protein bands. 

They also reported three common bands (24, 33 and 42 kDa) between ES 

and somatic antigen of F.gigantica. In Gupta et al., (2003) report, 

somatic antigen of F. gigantica resolved by SDS-PAGE contained six 

proteins of 27.7–37.5 kDa. Rokni and Ghravi (2002) in comparison of 

adult somatic and cysteine proteinase antigens of F. gigantica for 

serodiagnosis of human fascioliasis, showed a higher specificity of 

cysteine proteinase than somatic antigen. In human, in addition to faecal 

examination, enzyme-linked immunosorbent assay (ELISA) is highly 

sensitive and specific for E/S antigen of F. hepatica (Khalili et al., 2001; 

Rokni et al., 2001). The results of Moazeni et al., (2005) study showed 

that ES and somatic antigens of both species of Fasciola have cross 

reaction with each other and both antigens can be used for the detection 

of antibodies in the serum of immunized rabbit. These mean that some 

antigenic materials are common between ES and somatic antigens. 

Santiago et al., (1986) reported that crude F. hepalica ES products, when 

tested by ELISA, had a high reactivity with the sera from rabbit in acute 

fascioliasis. ELISA test using crude adult somatic antigen is 

advantageous for diagnosis of naturally occurring Fasciola infection in 

cattle (Itagaki et al., 1989). Cornelissen et al., (1992) used ELlSA with 

somatic and ES antigens of F. hepatica for serodiagnosis of fascioliasis in 

naturally or experimentally infected sheep and reported the specificity of 

98% and 95% with somatic and ES antigens, respectively. Fasciola 

hepatica somatic antigen, its partially purified fractions and excretion-

secretion products were investigated as to serological, electrophoretic and 

biological properties (Cervi et al., 1992). In a Sephadex G-100 column 

(SG-100), Fasciola hepatica total antigen (FhTA) gave 5 fractions, and 
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SDS-PAGE analysis showed they were glycoproteins ranging from 14 to 

94 kDa molecular weight (MW). When these fractions were analyzed by 

enzyme-linked immunotransfer blot (EITB) and immunodiffusion in gel 

(ID) with serum from immunized rats with FhTA, the presence of 

different antigenic components was revealed. In the SDS-PAGE of 

excretor-secretor antigen (ESA), it was possible to observe peptides from 

12 to 22 kDa, which were also present in FhTA. When the FhTA, its 

fractions and the ESA were analyzed by EITB with the immune rat serum 

(IRS), it was observed that only some fractions of the SG-100 shared 

antigens with the FhTA and ESA.  Lehner and Sewell (1980) reported no 

difference when comparing a crude ES with somatic antigen in the 

serodiagnosis of fascioliasis in sheep by ELISA. Maleewong et al., 

(1996) compared somatic and ES antigens of F. gigantica for 

serodiagnosis of human fascioliasis and reported that the absorbance 

values in ELISA using somatic antigen are not significantly different 

from the values using ES antigen, therefore both somatic and ES antigens 

are effective for use in the diagnosis of human fascioliasis due to F. 

gigantica. Moazeni and Gaur (2003) found no difference between the 

antigenicity of ES and somatic antigens of Fasciola spp in gel diffusion 

test. The protein compositions of E/S and SO products of F. gigantica 

isolates were investigated by SDS-PAGE (Goreish et al., 2008). They 

found that the E/S product of the adult parasite contains proteins bands 

fewer than those of SO product as it excluded the parasite somatic 

proteins. Electrophoresis patterns showed some similarities and some 

differences between the two-parasite preparations. A complex range of 

bands was identified in SO products between 40 and 90 KDa. A group of 

proteins clustered between 27 and 30 KDa, was common to E/S and SO 

preparation. Proteins within these molecular weight ranges were also 

identified in both parasite preparations by Ajanusi et al., (1993). Yamchi 
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et al., (2014) used Dot ELISA with ES antigen and crude antigens for 

sero-diagnosis of F.gigantica infection in cattle; they concluded that ES 

Ag was the best coating antigen in Dot-ELISA due to its high sensitivity, 

specificity, and precision rates. Also recently, native cathepsin-L cysteine 

proteinase was purified from the excretory secretory products of Fasciola 

and applied for sero-diagnosis of Fasciola infection in buffaloes using 

Dot-ELISA. The results demonstrated that cathepsin-L cysteine 

proteinase based Dot-ELISA achieved 90.00% sensitivity and 100% 

specificity (Varghese et al., 2002). 

2.6. Diagnosis of Fasciolosis: 

 

      Diagnostic tools build the basis for successful prevention and control 

of infection diseases including fascioliasis. First and foremost, an 

accurate diagnostic method is obviously needed to identify infected 

individuals in a population and thus to enable proper intervention 

strategies, prevalence records, and ultimately accurate estimates of the 

global disease burden. In addition, a sensitive and specific diagnostic 

method is essential for evaluating treatment outcomes and community 

effectiveness of interventions, as well as verifying local disease 

eliminations and early detection of reappearances (Bergquist et al., 

2009). 

2.6.1. History and Clinical Diagnosis and Imagining Techniques: 

     Diagnosis of fascciolosis based on clinical signs is difficult to achieve 

especially if the disease is accompanied by other parasitic infections 

(Reid et al., 1967). In addition, several other diseases can also produce 

liver dysfunctions (Mullen, 1976), which may distort the clinical 

presentation of fasciolosis and complicate its diagnosis. Also in animals, 

the clinical features of fasciolosis present in different forms, depending 

on the animal species, the level of infection and the plane of nutrition of 
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the animals. Symptoms may also vary between animals within a group. 

Acute fasciolosis may cause sudden death and is mostly seen in sheep and 

goats, as a result of intake of large numbers of larvae over a short period. 

A history of grazing fluke-prone areas is usually found (Behm and 

Sangter, 1999). Animals presenting with the chronic form of Fasciola 

spp. infection often show no specific clinical signs, which makes 

diagnosis difficult. However, weight loss, pale mucous membranes, 

ventral oedema and diarrhea can be observed in this stage in both sheep 

and cattle. The most important feature of chronic fasciolosis is loss of 

production, mainly through reduction in weight gain (Hope-Cawdery et 

al., 1977), milk yield and fertility (Charlier et al., 2007). So confirmation 

of a presumptive case of fasciolosis by means of specific reliable method 

is important. The most commonly used diagnostic techniques for Fasciola 

infection is the parasitological examination of faecal samples and 

immunological tests for detection of specific antibodies or parasitic 

antigens in serum samples.  

     The infection in humans usually presents with very serious symptoms 

of pain in the right upper quadrant of the abdomen, mild fever, upper 

stomachache, loss of weight, indigestion, diarrhea and urticaria (Mas-

Coma et al., 1999; De et al. 2005). Imaging techniques, such as, 

ultrasound, computer tomography (CT) or magnetic resonant 

cholangiopancreatography (MRCP) are very useful to demonstrate the 

lesions caused by fasciolosis and to confirm clinical diagnosis (Adachi et 

al., 2005). Nevertheless, the clinical and imaging observations cannot 

always be differentiated from other hepatic diseases. The disease history 

of patients should also be considered for diagnosis, by using a short 

questionnaire for obtaining personal information: the history of hepatic 

disease and the habit of eating fresh aquatic vegetables. However, for 
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differential diagnosis of fasciolosis from other hepatic diseases, 

parasitological and immunological techniques may be required. 

2.6.2. Parasitological Methods: 

  

    In animals, parasitological diagnosis of fasciolosis is based on 

examination for presence of immature or adult flukes in the liver, bile 

ducts and gall bladder, at slaughter or autopsy, and on the demonstration 

of fluke eggs by coprological examination. The specificity of liver 

examination is very high (93.4% to 100%) but the technique lacks 

sensitivity (47.4% to 63.2%) (Adedokun et al., 2008; Rapsch et al., 

2006). Detection of liver fluke eggs in stool samples is a very simple 

method including flotation and sedimentation techniques, with high 

specificities of 93% - 100% (Anderson et al., 1999; Conceiçao et al., 

2002; Charlier et al., 2008). The fluke eggs are heavy; therefore, the use 

of flotation solutions with high density is needed. (E.g. zinc chloride and 

sodium chloride (d = 1.6) or potassium iodomercurate solutions). 

Flotation methods are qualitative and the chemicals used are harmful for 

the environment. Sedimentation techniques appear to be more accurate 

and sensitive than flotation techniques (Boray, 1969). Sedimentation 

using tap water is the simplest and cheapest method, but it is more time 

consuming compared to flotation techniques. The visibility of the eggs in 

the sediment can be increased by adding a few drops of methylene blue 

solution. The sensitivity of this method is only 33.3% when the faecal 

material contains less than 1.5 eggs per gram faeces, but increases up to 

100% for higher egg concentrations (Conceiçao et al., 2002). The 

sensitivity of this method can be increased by: using the shaking sieve 

method (66.7%) (Anderson et al., 1999); or increasing the weight of the 

faecal sample (from 43% for 4 g to 64% for 10 g) (Charlier et al., 2008); 

or repeating the examination on the same sample (from 69% for the first 
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examination to 91.9% if the method is repeated three times) (Rapsch et 

al., 2006). 

      The Kato-Katz method is a simple and widely used method on human 

stool samples and it has also been applied for detection of eggs of flukes 

(Katz et al., 1972; Esteban et al., 2002; Rokni et al., 2002). Both 

sedimentation and Kato-Katz methods can be used for the qualitative and 

quantitative assessment of the presence of eggs of Fasciola spp. in human 

stools (Anderson et al., 1999; Esteban et al., 2002). 

While the parasitological methods used for detection of Fasciola flukes in 

the liver or their eggs in the faeces of definitive hosts have a very high 

specificity, their lack of sensitivity can be related with the following 

reasons: 1) during the migration phase, immature worms pass through the 

parenchyma but do not yet lay eggs; 2) in humans flukes often do not 

develop to the egg laying adult stage, or can migrate to ectopic locations; 

3) in the case of low parasitic burdens, the egg output is low and egg 

laying may be irregular and pass undetected (Hillyer, 1999). So the 

parasitological diagnosis of fasciolosis is often unreliable because the 

parasite eggs are not found during the prepatent period, during which the 

maximum damage to the liver occurs. (Noureldin et al., 2004). Even 

when the worms have matured, the diagnosis may still be difficult since 

eggs are only intermittently released. Fluctuation occurs in egg execration 

within the same day and over a period of several days (Duwel and 

Reisenleiter, 1990). Moreover, in many infections, the fluke eggs are 

often not found in the faeces, even after multiple faecal examinations. If 

they are found, the number of eggs per gram (EPG) of faeces is almost 

never proportionate to the number of adult worms present and provides 

no estimate of infection severity (Anderson et al., 1999). Furthermore, 

fasciola and paramphistomum eggs have very similar morphologies 

which make them difficult to differentiate. 
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     Eggs can be detected in cattle as from eight weeks after infection (De 

Leon and Quinons, 1981). Cattle show diurnal variation in egg 

production (Boray, 1969; Dorsman 1962), but this cycle has not been 

demonstrated in sheep which can produce up to 2.5 million eggs per day 

depending on parasite burden (Happich and Boray, 1969). Despite the 

large amount of eggs produced, no coprological technique has been 100% 

sensitive (Doren et al., 1958).  An alternative and effective method for 

detection of fasciolosis is greatly needed. 

In conclusion coprological methods have the advantage of being cost-

effective and relatively easy to perform, which render them widely 

applicable in resource-constrained settings (WHO, 2006). However, only 

chronic fasciolosis can be diagnosed, since eggs are excreted only from 

mature worms and hence ectopic fascioliasis and acute infections (first 3 

months) remain undiscovered (WHO 2006). Coprodiagnostic methods are 

sufficiently sensitive in detecting moderate and high Fasciola spp. 

infection intensities, but the methods lack sensitivity for detecting low 

intensity infections. Still, repeated sampling can improve sensitivity 

significantly (WHO, 2006; Rapsch et al., 2006).  

2.6.3. Hepatic Enzymes: 

      Before the development of immunological diagnostic techniques 

many researchers studied extensively damage to hepatic tissue and to bile 

duct epithelium and the effects of this on the hepatic enzymes. Enzymes 

from hepatocytes are: glutamate deshydrogenase (GLDH) and 

glutamateoxaloacetate aminotransferase. They indicate damage to hepatic 

cells, related to parasite migration. Their levels are increased during the 

migration of F.hepatica. Gamma-glutamyl transferase is present in the 

bile duct epithelium: its blood concentration increases after penetration of 

liver flukes into bile ducts, during the period from eight to twelve weeks 

after infection. This is followed by a decrease in this enzyme, frequently 
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interrupted by brief increases, between twelve to twenty weeks after 

infection (Wensvoort and Over, 1982). Several papers deal with the 

kinetics of these enzymes during fasciolosis illustrating the ongoing 

changes during infection (Salem et al., 2007). Unfortunately when 

parasitic burdens are very low the dosage of this enzyme is not useful 

(Gaasenbeek et al., 2001). 

2.6.4. Immunodiagnosis: 

     Early diagnosis of Fascioliasis is necessary for institution of prompt 

treatment before irreparable damage of the liver occurs (Rokni et al., 

2004). For these reasons, serology is the most dependable diagnostic 

method. It is an important procedure for the confirmation of fasciolosis 

that involves the analysis of antibody responses to fluke antigens as well 

as the detection of circulating antigens using defined sera and monoclonal 

antibodies (Spithill et al., 1999). Advances in immuno-diagnosis have 

focused on detection of parasite antigens in host body fluid; these tests 

have an advantage over antibody detection because antigenemia implies 

recent and active infection (Cornelissen et al., 1999). The somatic and ES 

antigen of fasciola spp. or their partially purified component are the 

commonest source of antigens used in protection trials and serodiagnosis 

(Cӧnen et al., 2004). Immunodiagnosis of parasitic disease is mainly 

based on antibody detection (Fagbemi et al., 1999) and revealed both 

recent and current infection with early diagnosis. To obtain reliable 

diagnostic method or to identify crude antigen, many authors prepared 

antigens from whole worm (Hillyer et al., 1987) or from tegument 

(Charmey et al., 1979) also coproantign (Allen et al., 1996), egg antigen 

(Khalil et al., 1989 and Abdel-Rahman and Abdel-Mageed, 2000) and 

execretory secretory products (Espino et al., 1994). Currently, 

haemoaglutination (HA), indirect fluorescence antibody test (IEAT), 

immunoperoxydase (IP), counter- electrophoresis (CEP)and enzyme 



53 
 

linked immunosorbent assay (ELISA) are used in the early diagnosis of 

this disease, but they have some disadvantages such as cross reactions 

with other parasites leading to false positive results. Therefore, the 

reliability of these tests is not high. In recent years, sodium dodecyl 

sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and western 

blotting procedures have initiated a new era in immunodiagnosis which 

greatly reduced cross reaction. Evaluation of sandwich ELISA and Dot 

ELISA as an immunological assay is used for detecting fasciola 

coproantigen and serum antigen in infected sheep, thus presenting 

experimental trials that could be of value in providing a tool that may 

help in immunodiagnosis of fasciolosis.  

2.6.4.1. Antigen Detection: 

     Active infection by Fasciola spp. can be demonstrated by the 

detection of metabolic products of flukes in the circulation. Such a test 

can also be used to confirm the efficacy of chemotherapy. Several assays 

have been developed to detect Fasciola spp. antigen in serum and faeces 

using monoclonal antibodies (Espino et al., 1990, 1994; Fagbemi et al., 

1997; Mezo et al., 2004) (Table 1.2).  

      The antigen in blood can be detected by ELISA from one week post-

infection onwards. However, Ag-ELISA has not been further developed 

because antigenaemia only develops when immature flukes are actively 

migrating through the liver parenchyma during 1-3 weeks post-infection 

and circulating antigens cannot be detected anymore once the flukes are 

established and mature to adult worms (Langley and Hillyer, 1989; 

Espino et al., 1997).  

      Copro Ag-ELISA has been applied to detect ES productions of 

Fasciola in stool samples by using monoclonal antibodies. The antigen 

can be detected as early as 3-4 weeks post-infection when the flukes 

reside in the host liver (Fagbenmi et al., 1997). In addition, a strong 
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correlation between copro-antigen levels and the numbers of flukes was 

seen (Abdel-Rahman et al., 1998). Circulating antigens were detected in 

100% of sheep with 1 fluke and in 100% of cattle with 2 flukes, from five 

weeks post-infection (wpi) onwards (Mezo et al., 2004). Some false 

negatives were probably not detected because the flukes were immature 

and so there were no ES products in the bile ducts (Salem et al., 2007). It 

appears that the copro-antigen concentration correlated positively with 

parasitic burden and negatively with the time after infection at which 

copro-antigen was first detected. Even in animals with low fluke burdens 

(1-36 parasites) the first detection of F. hepatica-specific coproantigens 

by the MM3 capture ELISA preceded the first detection in egg count by 

1-5 weeks (Dorchies, 2007). The copro-antigen became undetectable 

from 1 - 3 weeks after treatment with a flukicide in sheep and cattle 

(Mezo et al., 2004) and from 2 months post-treatment in 78.6% of 

patients (Espino et al., 1994). The copro Ag-ELISA was demonstrated to 

have a sensitivity and specificity close to 100%. 

2.6.4.1.1. Sandwich ELISA: 

      Detection of circulating Fasciola antigen in both serum and stool was 

found to be more sensitive and specific (Hillyer, 1999). The majority of 

methods based on antigen detection are applied to F. hepatica infection, 

but only few are applied to F. gigantica infection (Estuningsih et al., 

2004; Mezo et al., 2007). A MoAb-based sandwich ELISA was 

employed for detection of circulating F. gigantica ES Ags in both serum 

and stool samples of F. gigantica infected patients. Identification of the 

target antigens recognized by anti-Fasciola MoAbs (12B/11D/3F and 

10A/9D/10D) showed that they were glycoproteins and their MW lay in 

the 83, 64, 45 and 26 kDa regions (Demerdash et al., 2011). Close to 

those findings, Arafa et al., (1999) produced mono specific antibodies 

against ES Ags of F. gigantica whose target antigens were recognized at 
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27.5, 32.5 and 55 kDa regions. They reported that cross reactivity with 

Schistosoma mansoni occurs at higher MW (110-120 kDa). Demerdash 

et al., (2011) showed that the sensitivity and specificity of MoAb-based 

ELISA in serum was 94% and 95.6%, while in stool samples it was 96% 

and 98.2%, respectively. A few antigen detection assays have been 

developed for diagnosis of F. gigantica in human fluids with varied 

ranges of sensitivities and specificities (Espino and Finlay, 1994; Espino 

et al., 1998; Arafa et al., 1999). They also demonstrated that the 

diagnostic efficacy of MoAb-based sandwich ELISA in stool 

(coproantigens) was superior to serum samples (97.1% vs 94.3%); this 

could be due to the fact that coproantigens offered several advantages, 

e.g., the levels of coproantigens are less affected by immune complex 

formation than circulating Fasciola antigens, coproantigens are detectable 

during prepatent and patent phases of infection, non-invasive and finally 

the nature of these antigens of being glycoprotein making the 

coproantigen stable under several different storage conditions which 

ensured its diagnostic value (Espino and Finlay, 1994; Espino et al., 

1998; Anuracpreeda et al., 2009; Velusamy et al., 2004; Valero et al., 

2009).  

      A positive correlation was found between ova count/ gm stool of 

Fasciola infected patients and the OD readings of ELISA in both stool 

and serum samples (Demerdash et al., 2011). Other studies have 

demonstrated that coproantigens are correlated with Fasciola egg counts 

(Espino and Finlay, 1994) and the parasite burden (Anuracpreeda et al., 

2009; Dumenigo et al., 1996). On the other hand, Ubeira et al., (2009) 

reported that there was no correlation between number of ova/gm stool 

and coproantigens levels measured by ELISA. 

1.6.4.2. Antibody Detection:  
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ELISA-based techniques or variant like Dot-ELISA are considered as 

rapid and reliable immunoassay with easy procedure for detection of 

antibody or antigen (Hillyer and De Galanes 1988). For these reasons, 

the vast majority of researchers nowadays have applied an ELISA-based 

assay or variant in diagnosis of different parasitological diseases such as 

fasciolosis, toxoplasmosis, schistosomiasis, hydatidosis and cysticercosis 

(Hassan et al., 2004). 

     Infection with Fasciola spp. results in a specific antibody response. 

These antibodies can be detected in either serum or milk (Charlier et al., 

2007). Several techniques have been described for the detection of 

antibodies against Fasciola spp. infection in animals and man, such as the 

indirect hemagglutination test (IHA) (Levieux et al., 1992a, b), indirect 

immunofluorescence assay (IFA) (Hanna and Jura, 1977), enzyme-

linked immunosorbent assay (ELISA) and the Western immunoblot 

(Hillyer and De Galanes, 1988, 1991), Dot- ELISA (Shaheen et al., 

1989) and Micro-ELISA (Carnevale et al., 2001). 

1.6.4.2.1 The Enzyme Linked Immunosorbent Assay (ELISA): 

     Antibodies to Fasciola spp. in infected hosts can be detected by 

ELISA (Ab ELISA) as early as one to two weeks post-infection ( 

Reichel, 2002; Kumar et al., 2008). They rise rapidly reaching a plateau 

by 3-6 weeks of infection. In one study with experimently infected calves, 

levels remained high throughout the 13 weeks of infection (Vignali et al., 

1996). On the other hand, eggs of flukes are found in faeces only after 12 

- 14 weeks of infection (Bürger, 1992), then drop sharply thereafter and 

become egg negative by one year (De Leόn et al., 1981). This decrease 

in eggs is presumably due to the death of adult flukes, and is also 

followed by a decrease in ELISA absorbance values (Hillyer et al., 1985). 

Variable results were obtained in cattle. A significant increase in specific 

antibody titers was observed two weeks (Wyckoff and Bradley, 1986; 
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Santiago and Hillyer, 1988) and six to eight weeks after infection in 

cattle (Hillyer et al., 1985). In sheep, a significant increase was observed 

at four weeks after infection (Santiago and Hillyer, 1988). Similar results 

were also reported in Fasciola gigantica infected goats (Goreish et al., 

1988). The Ab ELISAs have sensitivities and specificities of 87-100% 

and 86-100%, respectively (Table 1.1). However, cross reactions were 

seen with serum samples obtained from patients with hydatidosis and 

toxocariasis (Rokni et al., 2003) when using crude excretory secretory 

products (ES) of adult worms as the antigen. Two F. gigantica antigens 

(Cr and ES) were applied to evaluate the diagnostic sensitivity, 

specificity, precision, positive predictive value and negative predictive 

value of indirect ELISA and Dot-ELISA for the diagnosis of F. gigantica 

infection in cattle (Yamchi et al., 2015). Results of indirect ELISA 

showed that Higher sensitivity for the diagnosis of bovine fasciolosis was 

detected by Cr Ag (90 %) compared with ES Ag (88.33 %). High 

specificity (80 %) was recorded when ES Ag was used in indirect ELISA 

for diagnosis of F. gigantica infection in cattle compared with 75 % using 

Cr Ag. Higher precision (84.16 %) was obtained when using indirect 

ELISA with ES Ag for diagnosis of bovine fasciolosis compared with 

using Cr Ag for diagnosis (82.5 %). Using ES Ag in indirect ELISA gives 

high-accuracy rates. Their data also indicated that when ES antigens of F. 

gigantica used for indirect ELISA or Dot-ELISA designing, cross-

reaction was not detected. Nevertheless, three positive bovine blood 

samples of dicrocoeliasis and three positive bovine blood samples of 

hydatidosis may be detected when indirect ELISA or Dot-ELISA was 

performed by crude antigens of F. gigantica.  To improve the sensitivity 

and specificity of Ab ELISA, antigens purified from crude ES of flukes, 

recombinant antigens, or synthetic protein antigens should be used 

(Cornelissen, et al., 2001; Silva, et al., 2004; Yokanath et al., 2005) 
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(Table 1.1). Serodiagnosis of fascioliasis in human and animal species 

has been successfully carried out employing several antigenic fractions of 

Fasciola (Mezo et al., 2003; Sánchez-Andrade  et al., 2008; Demerdash 

et al., 2011), purified antigens (O’Neill et al., 1998; Rokni et al. 2002), 

and recombinant antigens (O’Neill et al., 1999; Carnevale et al., 2001). 

Cathepsins L are the most frequently used target antigens for detecting 

anti-Fasciola antibodies (Carnevale et al., 2001; Rokni et al., 2002; 

Mezo et al., 2004, 2007, 2010; Intapan et al., 2005; Wongkham et al., 

2005; Valero et al., 2009; Muiño et al., 2011), as circulating antibodies 

to these molecules remain at high levels for long periods (Valero et al., 

2009). On pooled sera, herd prevalence of infection as low as 5 per cent, 

f2-antigen ELISA can be detected (Reichel, 2002). Nevertheless, positive 

results do not determine whether or not live flukes are present: detectable 

antibodies may persist long after treatment or after the natural death of 

liver flukes. A positive result indicates that the animal is, or has been, 

infected by the parasite, antibodies detected in natural infection may or 

may not be related to an active infection. Under field conditions, 

diagnostic Se and Sp of, respectively 67–69% and 100% are reported for 

coproscopy and 86–92% and 83–94% for F. hepatica antibody-detection 

ELISAs (Anderson et al., 1999; Rapsch et al., 2006). In contrast, in 

studies using two distinct populations, the reported Se and Sp are, 

respectively 97–100% and 96–100% for antibody detection ELISAs 

(Ibarra et al., 1998; Reichel, 2002; Molloy et al., 2005; Salimi-Bejestani 

et al., 2005) and 94% and 100% for a copro-antigen ELISA (Mezo et al., 

2004). This confirms the value of evaluating tests in the area and situation 

where they are actually applied. Possible reasons for the lower Se and Sp 

in field situations are the greater proportions of animals with low levels of 

infection, the sampling of animals that have recovered from infection (i.e. 

with no flukes present) but in which F. hepatica-specific antibodies are 
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still circulating and the imperfect gold standard. By incision and 

inspection of the opened major bile duct, only 71% of all infected livers 

were detected and the remaining 29% were only detected after slicing and 

soaking of the livers. Rapsch et al., (2006) estimated the Se of detecting 

infection with F. hepatica at meat inspection at the abattoir as 69%. 

Therefore, worm counts at liver necropsy can only be considered as a 

gold standard if slicing and soaking of the liver is performed. 

      Isotype determination is also important.  For example, IgM antibodies 

peak early by week 3 in infected sheep and drop sharply by week 6 post 

infection; IgG antibodies peak by 4-5 weeks of infection but remain high 

thereafter (Chauvin et al., 1995). In contrast, Clery et al., (1996) found 

IgG1 to be the dominant isotype over IgM, IgG2 and IgA in both 

chronically infected and acutely infected, previously naïve calves. 

Analysis of the isotypic responses of sera of fascioliasis patients to liver 

flukes tegumental extract (Morales and Espino 2012) revealed that the 

predominant antibodies elicited are IgG1 and IgG4, which are the 

antibody serotypes that also predominate against execretory-secretory 

products, crude-whole worm extract and cathepsin – L1 (O᾿ Neill et al., 

1998; Sabry et al., 2011 and Wongkham et al., 2005). O᾿ Neill et al., 

(1998) developed a diagnostic test for human fasciolosis based on the 

detection of antibodies to ES antigen or purified cathepsin L protease. 

The authors found that the assays were much improved by the use of 

conjugated second antibodies that detect IgG4 rather than total antibodies. 

Importantly, sera obtained from patients infected with Schistosomiasis 

mansoni, cysticercosis, hydatidosis and chagas᾿  disease were negative in 

these tests. Morales and Espino (2012), in their study found that similar 

levels of both IgG antibodies, with mean level of IgG1 levels slightly 

higher than those of IgG4. Differences regarding the relative amount of 

both antibody isotypes could be attributed to the genetic background of 
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the infected individuals and the intrinsic properties of the antigen itself. 

Moreover, the cytokines elicited by different antigens also play a role in 

determing the main subclass of the antibody response (Garraud et al., 

2003). But generally, the predominance of both antibody isotypes IgG1 

and IgG4 are especially predominant in infections caused by n 

(Wongkhan et al., 2005) when antigenic exposure is chronic (Garraud et 

al., 2003).  On the other hand, Osman et al., (1995) used an IgM ELISA 

to detect antibodies to ES antigens. Although all 38 patients with acute 

fasciolosis were positive by this test, only 77% of 14 chronic cases were 

positive. Therefore, an IgM ELISA may be a good indicator of early 

infection only.  

     The bulk-tank milk ELISA has been used to identify F. hepatica 

infected cattle herds and infection was linked to a decrease in productivity 

(Reichel et al., 2002; 2005; Charlier et al., 2007). However, the 

detection of infected herds from bulk milk samples appears to be more 

difficult than by the use of ELISA on blood samples. Bulk milk ELISA 

results are consistently lower than the corresponding bulk serum ELISA 

results (Salimi-Abejestani et al., 2005). Using a commercial kit with f2-

antigen, it has been demonstrated that only bulk milks from herds with 

infection prevalence of at least 60 per cent were Identified (Reichel et al., 

2005). With another test it was possible to identify herds in which more 

than 25 per cent of the cows were infected.  

2.6.4.2.2. Dot ELISA: 

     More rapid, economic, direct and visually read, improved ELISA 

technique for the diagnosis of parasitic diseases as microenzyme-linked 

immunosorbent assay (dot-ELISA) was described by Rokni et al., (2006). 

This technique for diagnosis of bovine fascioliasis was used by 

Latchumikanthan et al., (2012). They cleared that nano-gram quantity of 

parasite antigen dotted onto a very small piece of nitrocellulose 
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membranes were considered enough to obtain a marked direct and 

accurate diagnosis for the parasite directly. Zimmerman et al., (1985) 

used E/S antigens of Fasciola hepatica for diagnosis of ovine fascioliasis 

by Dot-ELISA. In that study, antibodies against the antigens were 

consistently detected by 4 weeks after the sheep were inoculated. Morilla 

et al., (1989) evaluated Dot-ELISA in naturally and experimentally 

infected sheep using E/S antigen. The infected sheep gave very high 

titers, from 1:25600 to 1:204800, which was 1000 to 2000 times higher 

than with PHT (passive haemagglutination test) or with TIA (thin layer 

immunoassay). Shaheen et al., (1989) applied partially purified antigens 

from a species of Fasciola at 180 ng protein/dot (2 μL) and serum 

samples at 1:20 dilution (1 μL) for diagnosis of human fascioliasis. The 

sensitivity of the assay was 100% and its specificity was 97.8%. The 

major cause of low specificity was human schistosomiasis, which showed 

cross reactivity with Fasciola infection.    

     Dalimi et al., (2004) evaluated F.gigantica partially purified fraction 

antigen (PPF) isolated from sheep liver flukes for the diagnosis of human 

fasciolosis. They found that the best sensitivity and specificity (94.23% 

and 99.36%) was obtained at the 1:800 sera dilution as the cut-off titer. 

ES Ag was the best coating antigen in Dot-ELISA for the sero-diagnosis 

of fasciolosis in cattle due to its high sensitivity, specificity, and precision 

rates (Yamchi, 2014). Recently, native cathepsin-L cysteine proteinase 

was purified from the excretory secretory products of Fasciola and 

applied for sero-diagnosis of Fasciola infection in buffaloes using Dot-

ELISA. The results demonstrated that cathepsin-L cysteine proteinase 

based Dot-ELISA achieved 90.00% sensitivity and 100% specificity 

(Varghese et al., 2012; Swarup et al., 1987). 
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Table 2.1 Immunodiagnosis: Antibody detection 

 

 Antigen catalogue Techniques Agents Sensitivity% Specificity% References 

1 Somatic antigen ELISA Sheep serum  95 Cornelissen et al., 

1992 IHA Sheep serum  86 

ELISA Human serum 100 98 Maleewong et al., 

1996 

2 Crude execretory 

secretory products (ES) 

ELISA Sheep serum  95 Cornelissen et al., 

1992 IHA Sheep serum  86 

ELISA Cattle serum 98 96 Salimi-Bejestani et. 

al., 2005a 

ELISA Human serum 100 99.3 Maleewong et al., 

1996 

ELISA Cattle serum 87 90 Charlier et al., 2008 

3 27 KDa antigen 

(purified from ES) 

 

ELISA 

Human serum 100 100 Maleewong et al., 

1999 

Tantrawatpan et al., 

2003 

Dot-ELISA Human serum 100 98.2 Intapan et al.,2003 

4 Cathepsin L1 (purified 

from ES) 

ELISA Sheep serum 100 100 Mezo et al., 2003 

Dot - ELISA 

 

Sheep serum to detect F. hepatica antibody from 

3 weeks post-infection 

ELISA Human serum Marker antigen for diagnosis  O‘Neil et al., 1998; 

Strauss et al., 

1999; Rokni et al., 

2002 

And 

epidemiological surveys 

5 Fas 2 antigen (purified 

from ES) 

ELISA  

Human serum 

95.5 86.6 Espinoza et al., 2005 

Bovine milk 95. 98.2 Reichel et al., 2002 

6 28 KDa antigen 

(purified from ES) 

ELISA Sheep serum 100  Dixit et al., 2002 

 

Western bot 

Sheep serum 100  

 Dipstick- 

ELISA 

100  

7 rCTL1 (recombinant 

cysteine proteinase) 

F.hepatica 

ELISA Human serum 100 100 O‘Neil et al., 1999 

8 rCLT1 (recombinant 

cysteine proteinase) 

F.gigantica 

ELISA Human serum 100 98.92 Tantrawatpan et al., 

2005 

9 Synthesized Antigen. 

Peptides L and V from 

F.gigantica 

ELISA Human serum 100 97.3 Carnevale, et al., 

2001; Intapan et 

al., 2005 
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Table 2.2 Immunodiagnosis: Antigen detection: 

 

NO Monoclonal 

Antibody 

catalogues 

Techniques Agents Sensitivity Specificity Detection time References 

1 MAb ES78 Sandwich 

ELISA 

Human 

Serum 

detects 10 ng/ml 

antigen 

100% 78.6% (11/14) 

becomes 

negative 2 

months after 

treatment 

Espino et 

al., 

1990;1994 Human stool 

Sample 

92.8% 

(detects>15ng/m

l antigen) 

100% 

2 Monoclonal 

antibody 

to whole worm 

extract 

of F. gigantica 

Sandwich 

ELISA 

Cattle serum 

sample 

(experimental 

infection) 

  Positive from 3 

weeks post-

infection 

and negative 2 

weeks 

after 

chemotherapy 

Fagbemi et 

al., 1997 

3 Monoclonal 

antibody 

(MoAb) 1C12 to 66 

kDa surface 

tegumental (ST) 

antigenof 

F.gigantica 

Sandwich 

ELISA 

Cattle serum 

sample 

(experimental 

and natural 

infections) 

86.6% (cut-off 

point of 32 

uninfected 

cattle) 

100% ( cut-off 

based on 

commercial fetal 

calf and 

trematode-free 

baby calves 

sera) 

 Positive from 

first 

week post-

infection 

Viyanant et 

al., 1997 

4 mAb M2D5/D5F10 Copro 

ELISA 

Cattle stool 

Sample 

300 pg of 26-28 

kDa 

glycoprotein of 

F. hepatica 

(>10 flukes) 

 Positive from 6 

weeks post-

infection 

onwards 

Abled-

Rahman et 

al., 1998 

5 mAb MM3 Copro 

ELISA 

Sheep stool 

Sample 

0.3 ng/ml of F. 

hepatica ES 

antigen (100% 

with 1 fluke ) 

100% 5 weeks 

postinfection 

onwards 

and 

undetectable 

from 1-3 weeks 

posttreatment 

Mezo et al., 

2004; 2007 

Valero et 

al., 2009 

Cattle stool 

Sample 

 

0.6 ng/ml of F. 

hepatica ES 

antigen (100% 

with 2 fluke ) 

Human Stool 

Sample 

100% 100%  Ubeire et 

al., 2009 

6 mAb Cathepsin L Copro 

ELISA 

Cattle stool 

Sample 

95% 91%  Estuningsih 

et al., 2009 
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Zimmerman et al., (1985) used E/S antigen of F. hepatica in dot ELISA 

format and antiparasite antibodies were detected by 2weeks PI in animals 

experimentally infected with 500 mc and 4weeks PI in sheep infected 

with 250 mc; further, in rabbits the antiparasite antibodies were detected 

even at initial dose of infection with 50 mc (Yadav and Gupta 1993). A 

previous document showed that sandwich-Dot- ELISA had better 

sensitivity and specificity than S-ELISA for both stool and serum, and 

may be used as a rapid screening test in field (El Amir et al., 2008). 

2.6.4.2.3 Haemagglutination Test: 

    Haeagglutination (HA) test has also been used to diagnose and evaluate 

chemotherapy success in F.hepatica infected sheep and cattle. A 

specificity of 85% with this technique was obtained when a group of 

F.hepatica infected sheep was tested compared with 95% specificity 

obtained in an ELISA with E/S products of the parasite (Cornelissen et 

al., 1992). In other work haemagglutination titers as high as 1:204.800 

were obtained in infected sheep while negative controls gave 1:800 

(Arriage de Morilla, 1989). 

      The HA test using fractionated antigen (Levieux et al., 1992a) 

detected specific antibodies at 2-4 weeks after infection in cattle. These 

antigens were detected for up to 28 weeks (Levieux et al., 1992b), while 

in goats antibodies were detected 2-3 weeks per infection (Levieux and 

levieux, 1994). The authors suggest that the HA test may be useful for 

detecting infection in goats during the prepatent period.  

2.6.5. Electrophoretic pattern as tool for diagnosis of fasciolosis:  

 

     The diagnosis of fasciolosis is generally carried out via coprological 

examination, and immunological technique like ELISA but such tests 

have many disadvantages. Pseudofasciolosis is the potential for 

misdiagnosis in such tests. Moreover, coprological diagnosis of 
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fasciolosis is possible from 8-12 week post-infection (WPI) .Though 

ELISA can recognize F. hepatica specific-antibodies since 2-4 week 

post-infection, thus providing early detection of the infection but there is 

some possibility of cross-reactivity with the schistosomiasis antibodies. 

Moreover, in many human infections, the fluke eggs are often not found 

in the faeces, even after multiple faecal examinations. Furthermore, eggs 

of F. hepatica, F. gigantica and Fasciolopsis buski are morphologically 

indistinguishable. In recent years, sodium dodecyl 

sulphatepolyacrylamide gel electrophoresis (SDS-PAGE) and Western 

blotting procedures have initiated a new era inimmunodiagnosis which 

greatly reduced cross-reaction. These techniques were used as a verifying 

test in the diagnosis of viral and bacterial infections at first, but lately 

these techniques have been used in the field of parasitology 

(Sarimehmetoúlu, 2002).  

    Thus electrophoresis ensures sensitive potential tool for serodiagonosis 

of fasciolosis. Electrophoretic bands of 21 and 25KDA derived from 

metacercarial antigens (MAg) of Fasciola gigantica enhance the 

sensitivity and specificity of test for early diagnosis of fasciolosis. It can 

be used as promising alternative to conventional method of faecal egg 

detection .This will encourage early chemotherapy to save animal prior to 

damage in the form of traumatic hepatitis (Velusemy et al, 2006).The 8 

kDa protein of F.hepatica obtained by gel electrophoresisisis suggested 

as one of the diagnostic antigens in human fascioliasis without cross-

reaction with other human trematodiasis (kwangsig et al, 2003). A 28kDa 

cysteine proteolytic enzyme extracted from F. gigantica by 

electrophoresis has a potential use for the serodiagnosis of ruminant 

fasciolosis as a supplement to the usual coprological methods. 

(Benjamin, 1995).The 17kDa F. hepatica excretory secretory antigen is 

an excellent candidate for the immunodiagnosis of acute and chronic 
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fascioliasis. Purification of this antigen by electrophoresis and its 

application to quantitative serologic tests will permit further analysis of 

its predictive value to evaluate cure (Hillyer et al., 1988). 

2.6.6 Molecular Diagnosis: 

      Several molecular tests to detect parasites have been developed in the 

last decade. Their specificity and sensitivity have gradually increased, and 

parasites that were previously difficult to diagnose using conventional 

techniques began to be identified by molecular techniques. As a result, 

currently these parasites can be easily treated before causing major harm 

to the infected population. Before the availability of PCR-based 

approaches, DNA probes were the alternative choice for the genotypic 

detection of Fasciola spp. (Heussler et al., 1993). However, DNA probe-

based assays usually require the use of radioactive isotopes and can have 

bio-safety concerns. Over the last two decades, several PCR-based 

approaches including PCR-linked restriction fragment length 

polymorphism (PCR-RFLP), PCR-linked single-strand conformation 

polymorphism (PCR-SSCP) and specific PCR assays, have been 

developed for the accurate identification of Fasciola spp. (Ichikawa and 

Itagaki , 2010; Lin et al., 2007; Huang et al., 2004; Marcilla et al., 

2002; Alasaad et al., 2011). Recently, several specific PCR assays have 

been developed to differentiate F. hepatica from F. gigantica and detect 

Fasciola infections in the intermediate host snail and definitive hosts 

(such as buffalo), utilizing various genetic markers, such as cox1, ITS, 

non-coding repetitive DNA fragment as well as RAPD-derived sequences 

(Ai et al., 2010; Velusamy et al.,2004; McGarry et al., 2007). 

      For detecting F. gigantica or F. hepatica infection in snails, 

conventionally the snails are screened for cercarial shedding or teased for 

the microscopic examination of the developmental stages of the parasite. 

This process is tedious, expensive and lacks specificity, as earlier 
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intramolluscan developmental stages of the parasite cannot be specifically 

identified (Caron et al., 2007). Therefore, there is a role of PCR for the 

specific and early detection of infection in snails. A PCR assay was used 

to detect F. gigantica infection in the snail vector host, Lymnaea 

auricularia (Velusamy et al., 2004). The specific primers amplified a F. 

gigantica specific 124-bp non-coding repetitive DNA fragment from 

infected L. auricularia snails. Kaplan et al., (1995) also identified a 124-

bp repetitive DNA sequence which was used as a specific probe for 

detection of F. hepatica infections in intermediate host snails (Fossaria 

cubensis and Pseudosuccinea columella) (Kaplan et al., 1995). Baran et 

al., (2012) determined prevalence of Fasciola gigantica infection in field-

collected snails of Radix gedrosiana in northwestern Iran. A fragment of 

618 bp of 28s rRNA gene was amplified by polymerase chain reaction 

(PCR). The PCR products were subjected to restriction fragment length 

polymorphism (RFLP) using DraII and AvaII enzymes. PCR-RFLP 

patterns revealed that 3.12% of the snails were infected with F. gigantica. 

It was also found that the infected snails had a limited distribution over 

the water bodies located in the central part of the region. It was concluded 

that PCR-RFLP was a reliable approach to detect Fasciola infection in 

pond snails and may be useful to establish control measures for livestock 

and humans‘ fasciolosis in the region.  A multiplex PCR assay was able 

to detect F. hepatica DNA in L. viatrix snails, which were even formalin-

fixed and paraffin-embedded (Magalhaes et al., 2008). TaqMan 

chemistry was adopted by Schweizer et al., (2007) to establish a real-time 

PCR assay. The combined use of primers and probe targeting an 86-bp 

target of a repetitive 449-bp genomic DNA fragment facilitated the 

detection of L. truncatula naturally infected with F. hepatica. These PCR 

assays are highly specific and sensitive, providing useful and practical 

tools for the epidemiological investigation of Fasciola in the snail hosts 
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(Schweizer et al., 2007).  Loop-mediated isothermal amplification 

(LAMP) allows amplification of target nucleic acids under isothermal 

conditions with high sensitivity, specificity, rapidity and precision, which 

has found broad applications for the detection of pathogens (Notomi et 

al., 2000; Nagamine et al., 2002). Ai et al., (2010) developed a LAMP 

assay for the sensitive and rapid detection and discrimination of F. 

hepatica and F. gigantica. The assay can be done in 45 min under 

isothermal conditions at 61°C or 62°C by employing a set of 4 species-

specific primer mixtures and the results can be checked visually. This 

LAMP assay was approximately 10
5 

times more sensitive than the 

conventional specific PCR assays, and may find applicability in the field 

settings or in poorly-equipped laboratories in endemic countries (Ai et al., 

2010).  

      A molecular technique (PCR) was applied to diagnose fasciolosis 

infection in sheep and goats, not only in the fecal samples but also bile 

samples were used to confirm the Fasciola spp. in Pakistan (Shahzad et 

al., 2012). Forty three (10.75%) bile and fecal samples were found 

positive for F. hepatica through PCR and out of these 43 samples, 27 

(13.5%) were positive from bile samples where as 16 (8%) were positive 

from fecal samples. All samples positive by microscopic method were 

also positive by PCR, whereas, out of the 43 samples positive by PCR 

test, 11 were negative by microscopy. In conclusion, PCR for the 

detection of F. hepatica is specific and sensitive. The test is suitable for 

tracing infected animals and provides a quantitative validated measure 

that is useful in epidemiological surveys and follow up for drug treatment 

in cattle, buffalo, sheep and goats. In addition, it would be useful for 

designing fasciolosis control programs in endemic areas. 

2.6.7. Immunodiagnosis of Fasciola gigantica in White Nile province 

in Sudan: 
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Osman, (2010) evaluated the potentially of some immunological 

techniques in the diagnosis of Fasciolosis in cattle in the area of Rabak, 

White Nile province, Sudan. Firstly the samples were subjected to feacal 

examination using sedimentation method. The result revealed that 41% of 

the slaughtered animals, 31.6% at livestock farms and household cattle 

and 30.9% at veterinary hospital were infected with F.gigantica. Overall 

infection was 34.2%. Secondly a total of 224 were examined at 

postmortem, one hundred and thirty of these cattle were found infected 

with F.gigantica and 94 were negative. For the validation of indirect 

ELISA assay, the positive references sera considered of these 130 

positive samples at postmortem and the negative reference sera were the 

94 negative samples. The first indirect ELISA was based on Saposine like 

protein recombinant antigen (SAP). The result indicated that 111 out of 

130 references positive were positive with the (SAP) giving a sensitivity 

of 85% , while the number of negative samples at postmortem that react 

negative in the ELISA test were 81 with a specificity of 86%. The second 

ELISA was based on execretory and secretory antigen. The results 

indicated that 104 out of 130 references positive were positive with the 

ES antigen   giving a sensitivity of 80% while, the number of negative 

samples at postmortem that react negative in the ELISA test were 50 with 

a specificity of 53%. 

2.7. Resistance to Fasciolosis: 

      Resistance to fasciolosis is mediated by various immune and 

nonimmune mechanisms.While many mammalian species can be infected 

with fasciola; there is a wide variation in their degree of suscepility to 

infection, and in their ability to acquire resistance to re-infection. Natural 

resistance to fasciolsis differs according to animals' species. For example 

sheep exhibits a lower degree of natural resistance while cattle and goats 

develop significant levels to resistance (Haroun and Hillyer, 1986). In 
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contrast to sheep cattle are capable of eliminating an initial infection and 

are also found to resist re-infection (Boray, 1969; Goreish et al., 1988). 

So cattle rarely die from liver fluke due to the development of self-cure 

phenomenon between 9 and 26 months after infection. This self-cure is 

most likely related to the calcification and thickening of the bile duct 

walls that is observed in chronically infected cattle and not observed in 

sheep. Fibrosis of the liver capsules prevents fluke penetration into liver 

parenchyma (Anderson et al., 1978) and the resistance to re-infection in 

cattle is mediated by this physical barriers. 

Sheep often die from acute fasciolsis, while some infections can last as 

long as 11 years (pantelouris, 1965). However, there have been some 

reports of differing levels of susceptibility of sheep with different genetic 

backgrounds to liver fluke infection (Boyce et al., 1987). Most notably, 

Javanese thin-tailed sheep have been found to be highly resistant to 

infection with Fasciola gigantica (Wiedosari and Copeman, 1990; 

Roberts et al., 1997).  

2.8. Immunology: 

2.8.1 The Host Immune System: 

     The host immune system protects it from invading pathogens using 

layers of defense mechanisms of increasing specificity. Initially, physical 

barriers, such as the epithelium, prevent the infectious agents from 

entering the host. If these are breached the hosts‘ innate, followed by the 

adaptive, immune system act to try to expel the pathogen. The innate 

immune system is fast acting and uses non-specific defense mechanisms 

to expel invading bodies. The specific acquired immune system is slower 

acting but highly adaptable (Mulcahy et al., 1999). CD4+ T helper cells 

(Th), B lymphocytes (B cells) and T regulatory (Treg) lymphocytes have 

critical roles in host defence and immunoregulation (Hirahara et al., 

2011). T cells are a major source of cytokines and bear receptors (TCR) 
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which recognize antigen peptides (T cell epitopes) in association with 

major histocompatibility complex (MHC) presenting cells (Bhattacharya 

and Sinha, 2006).Th cells can be divided into subsets which each differ 

in phenotype and function, e.g. Th1, Th2 and Th17 cells (Hirahara et al., 

2011). 

      The Th1 cells produce interferon-γ (INF- γ), interleukin-2 (IL-2) and 

interleukin-3 (IL-3) which promote a type 1 immune response (O’Neill et 

al., 2000). These cytokines promote the production of activated 

macrophages, antibodies; mediate delayed type hypersensitivity reactions 

and inflammatory responses (O’Neill et al., 2000). This response is often 

elicited against invading intracellular organisms (viruses, bacteria and 

protozoa) but can also be effective against extracellular organisms. For 

example, induced immunity to schistosomiasis in mice is mediated by 

activated macrophages, which can kill larval Schistosoma mansoni in 

vitro (James et al., 1982).  

      Th2 cells produce a number of cytokines including interleukin-4 (IL-

4), interleukin-5 (IL-5), interleukin-6 (IL-6) and interleukin-10 (IL-10) 

which promote a type 2 immune response. This has been shown to be 

important in the control of helminth infections (Urban et al., 1995; Estes 

et al., 1994; Mulcahy et al., 1999). The cytokines promote B cell 

proliferation, the secretion of immunoglobulins (IgA, IgG1 and IgE) and 

mediate production / activation of mast cells and eosinophils. Eosinophils 

bind to antibodies on the surface of extracellular organisms, such as F. 

hepatica and release compounds, such as nitric oxide which are toxic to 

the invading pathogen (Anthony et al., 2007; Mulcahy, 1999).  

    The cytokines released by the different T cell subsets regulate the type 

of immune response generated. For instance, the type 1 cytokine INF- γ 

suppresses type 2 responses where as IL-4, IL-10 and IL-13 inhibit the 



72 
 

effects of INF- γ and thus the development of type 1 responses (Mulcahy, 

1999).    

2.8.2 Parasite Evasion of Immunogenic Attack: 

 

      Flukes have evolved a number of mechanisms to evade the immune 

system and thus survive for long periods within their host (Fairweather 

and Boray, 1999). However, the ways in which the parasite evades or 

modulates the immune system are not fully understood. The final 

residence in the bile ducts is a relatively immunologically ‗safe‘ 

environment from immune attack (Hanna, 1982) for the parasite but, to 

get there, it must evade the immune system as it migrates through the 

intestinal wall and liver tissue (Haroun and Hillyer, 1986). Only 5-10% 

and 20-25% of the inocula in cattle or sheep, respectively, reach maturity 

in experimental infections, indicating that a large proportion of the NEJ 

either fail to enter the gut or are killed during the migrating phase 

(Haroun and Hillyer, 1986; Piacenza et al., 1999). 

      The tegument of F. hepatica differs from that of related species such 

as the schistosomes. Instead of the schistosomes‘ two-lipid bilayer (thin 

layer composed of two layers of hydrophobic molecules) liver flukes 

have a single surface membrane covered with a tough glycocalyx 

(carbohydrate-based structure) (Threadgold, 1976). This tough tegument 

protects the liver fluke from the immune system in a number of ways. 

Using surface radio-labelling techniques, Dalton and Joyce (1987) 

showed that the glycoproteins on the surface of the NEJ, immature (liver) 

and the adult (bile duct) stage differed. So, as the parasite develops from a 

NEJ through to the adult stage, the surface composition alters, presenting 

the immune system with a changing target, therefore protecting the 

parasite from immune recognition by specific antibodies (Tkalcevic et al., 

1995). The glycocalyx on the surface is also shed and replaced 
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approximately every 3 hours as the parasite migrates to the bile ducts 

(Hanna, 1980). This prevents the definitive host‘s immune defense 

mechanisms, such as the eosinophils, making sufficient contact with the 

fluke to cause damage to their surface (Hanna, 1980). In addition to this, 

the glycocalyx shed from the parasite binds any circulating antibodies, 

which then prevents further up regulation of the host immune response 

(Duffus and Franks, 1981). 

    The tracts made by flukes in the liver tissue are filled with immune 

effecter cells such as T and B lymphocytes, macrophages and 

granulocytes (eosinophils and neutrophils) but these are not attached to 

any of the parasites present (Meeusen and Brandon, 1995). Flukes from 

a secondary infection (where a host which has previously been infected 

with F. hepatica but the infection was cleared and the host re-infected) 

are never found in cavities generated by flukes in the primary infection 

which indicates flukes may avoid areas where there are high levels of 

immune response mechanisms (Meeusen and Brandon, 1995). Parasites 

may also modulate short range immune responses; this may explain the 

presence of undamaged flukes in tissues filled with immune effector cells 

(Meeusen and Brandon, 1995). The way in which the parasites do this is 

not fully understood, but they may secrete enzymes such as glutathionine 

S-transferase to deactivate the effector cells (Brophy et al., 1990; 

Creaney et al., 1995). Carmona  et al., (1993) identified a cathepsin L 

protease in NEJ excretory secretory (E/S) material and showed that it can 

prevent antibody-mediated attachment of eosinophils to this stage, thus 

evading immune detection. 

     Furthermore, parasites release immunosuppressive factors to modulate 

the definitive host‘s immune system (Sandeman and Howell, 1981; 

Zimmermann et al., 1983). As an infection proceeds in an ovine host the 

proliferative capacity of the peripheral blood lymphocytes reduces after 
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just 4 weeks of infection, indicating that modulatory effects occur as the 

parasite migrates to the liver tissue (Zimmermann et al., 1983; Mulcahy 

et al., 1999). In addition, the fluke‘s E/S products can block the 

differentiation and maturation of eosinophils by bone marrow cells in 

mice (Milboume & Howell, 1990; Milboume & Howell, 1993). A 28kDa 

protein isolated from the E/S fluid can mimic the action of IL-5 

(Milboume & Howell, 1993) and, thus, direct the definitive host‘s 

immune system to a less effective Type 2 response, allowing the host to 

tolerate the parasite leading to chronic infection (Clery et al., 1996). 

Furthermore, the F. hepatica E/S proteases, cathepsin L1 and cathepsin 

L2, can also degrade all subclasses of human IgG, which assist the 

parasite in evading immune attack (Berasain et al., 2000). 

2.9 Cross Reaction as a Common Phenomenon among Tissue 

Parasites: 

      Infection of animals with parasites continues to cause worldwide great 

economic losses. Accurate serological diagnosis of parasitic infections is 

a good initial approach to improve its control. However, the low 

specificity of current serological techniques constitutes a problem due to 

cross-reactions among animals with different infections. Cross-reactivity 

is a widely spread trait among phylogenetically related and unrelated 

parasites. It emerges from the wide existence of common antigens, which 

suggest that antigenic continuity is the rule rather than the exception. One 

explanation of this phenomenon is that all parasites emerged from 

common components at the beginning of creation. With the evolution and 

under stress of host immune responses, some of these parasites acquired 

exclusive molecules to defend themselves against these responses. 

Therefore the existence of common structure is the rule. Analysis of cross 

reactivity among parasite is of significance for understanding the 
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evolutionary conservation of antigens. Although cross reaction has a 

negative impact on accurate diagnosis, the utilization of monoclonal 

antibodies as well as pure fractions of the parasitic extracts in the 

serological discrimination between different infections could participate 

in minimizing this drawback (Mezo et al., 2003 and Dalimi et al., 2004). 

Moreover, adoption of more sensitive techniques rather than the 

conventional ones in the diagnosis or detection of parasite antigens or its 

DNA, also share in eliminating cross reactivities in diagnosis assays. 

Examples for cross-reactivity between some tissue parasites infesting 

farm animals were documented such as Taenia and Echinococcus; Taenia 

saginata, Taenia solium and Echinococcus granulosus, Trichinella 

spiralis and Toxoplasma gondii. Cross-reaction is not only restricted to 

species belong to the same phylum, but also extended to helminthes of 

different phyla such as the high degree of cross-reactivity between sera of 

animals infected with T. solium, Hymenolepis nana and E. granulosus. 

Also, a cross-reaction between three important zoonotic helminthes 

Fasciola gigantica, T. spiralis and E. granulosus was recorded (El-

Moghazy and Abdel-Rahman 2012). Despite their drawbacks in accurate 

immunodiagnosis, extensive similarities in the antigenic composition 

among parasites often permit the use of a diagnostic antigen from one 

species potentially to protect from another. This approach solves the 

problem of antigen scarcity. Evidence for protective immune cross-

reactivity between Schistosoma  mansoni and Fasciola hepatica is well 

documented. The low molecular weight cross-reactive component of 14 

KDa isolated from S. mansoni (Sm14) could form the basis of a single 

effective cross- protective vaccine against both parasites based on its 

proved prophylactic potentials (El-Moghazy and Abdel-Rahman 2012). 

Consequently, optimism of developing multi-purpose vaccine candidates 



76 
 

against parasitic infections, in the near future, is a reality rather than 

imagination. 

2.10. Paramphistomosis: 

    Paramphistomes or stomach flukes are conically shaped digenetic 

trematode parasites belonging to the superfamily, Paramphistomatidae 

(Hafeez 2003). Like other digenetic trematodes, paramphistomes require 

a snail to complete the life cycle. The immature flukes of this parasite live 

in the small intestine and abomasums from where they migrate to 

reticulum and rumen and mature into adults there.  

    They are fleshy, pear-shaped, measuring 5-12mm (length) x 2-4mm 

(width) and are pink or light red in colour, Juvenile flukes are however 

smaller ( 1-2mm long).  

    Paramphistomosis is distributed all around the world, but its highest 

prevalence has been reported in tropical and subtropical regions 

particularly in Africa, Asia, Australlia, Eastern Europe and Russia 

(Boray, 1959, 1969; Horak, 1971; Gupta et al., 1978). 

    Paramphistomosis has been a neglected trematode infectious disease in 

as an important cause of productivity loss, that cause high morbidity and 

mortality and by affecting health, production and reproduction of 

ruminants particularly in young stock. (Jehangir et al., 2016). Older 

animals can however develop resistance but may still harbor numerous 

adult flukes in the rumen and reticulum without showing overt symptoms, 

however in case of heavy infection, damage to the rumen has been 

recorded in the form of unthrifitness, emaciation, lower feed conversion 

rate, decrease in milk yield and reduction of fertility (Meshgi et al., 2009; 

Kamaraj et al., 2010; Sanchis et al., 2012). In case of acute infection, 

large number of immature flukes while migrating through the intestinal 

tract causes acute parasitic gastroenteritis especially in young ruminant 
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(Ilha et al., 2005; Khan et al., 2008). Also the young flukes in the 

duodenum and upper ileum are plug feeders and they embedded in the 

mucosa causing necrosis and haemorrhage and may reach the muscular 

coat. Thus haemorrhagic duodenitis may occur in heavy infection 

(Soulsby, 1984). 

     A transitory diagnosis of paramphistomosis is based on the history and 

clinical signs of the disease. Further confirmation can be obtained by 

examining the faecal samples for the presence of parasite eggs. However, 

this method is unreliable because the parasite eggs are not found during 

prepatent period and hence often results in misdiagnosis. Moreover, this 

method lacks sensitivity, especially in light infections or during 

subclinical disease (Horak, 1971; Bida and Schillhorn van Veen, 1977). 

Early diagnosis of paramphistomosis is necessary for rapid treatment 

before irreparable damage to the rumen and bile duct occurs (Wang et al., 

2006). Different immunodiagnostic tests such as ELISA, 

immunofluorescence assay have been used in the early immune diagnosis 

of paramphistomosis, but they have some disadvantages, such as cross 

reactions with other trematodes, leading to false positive results (Hillyer, 

1985). In recent years, SDS-PAGE and western blot procedures have 

created a new era in immunodiagnosis and greatly reduced cross reaction. 

Sanchis et al., (2012) recorded that ELISA sensitivity and specificity 

using secretory excretory antigen of Paramphistomum were 82 % and 79 

% respectively. Also Hussan et al., (2005) recorded 82 % sensitivity of 

Paramphistomum somatic antigen but they recorded higher specificity of 

90%. On the other hand, Shivjot et al., (2009) in their study showed 

higher sensitivity 85.71% and a lower specificity 23.65% using somatic 

antigen of Paramphistomum and Tariq et al., (2011) who reported 

sensitivity of dot ELISA as 100 % for detection of Paramphistomum 

cervi antibodies in hyper immune rabbit using crude antigen of 
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Paramphistomum. Salib et al., (2015) concluded that ELISA is more 

specific and accurate but less sensitive than western blotting for the 

diagnosis of Amphistomes infection in cattle and buffaloes. The 

sensitivity, specificity and accuracy for ELISA and western blotting were 

(74% and 100%), (82.4% and 33.3%) and (79.76% and 77.78%), 

respectively.  
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CHAPTER THREE 

3. Materials and Methods 

3.1 Collection of Parasites: 

     Infected livers with Fasciola were obtained from sheep and goats in 

White Nile Province and from three cattle types of three different 

localities of Sudan, e.g. Niyala type (Western Sudan), White Nile type 

(Southern Sudan) and Mangisto type (Eastern Sudan).  Adult Fasciola 

worms were collected from the bile ducts of infected livers at 

slaughterhouses. They were washed six times with 0.01 M phosphate 

buffer saline solution (PBS, pH 7.2) at room temperature. Then the flukes 

were used to prepare the parasitic products. 

          3.1.1 Preparation of the Parasite Products (Antigens): 

3.1.1.1 Execretory /Secretory Products (E/S): 

     Isolated adult parasites of both F.gigantica and Paramphistomum spp. 

were washed six times with 0.01M PBS, pH 7.2 and further six times 

with RPMI-1640 medium (Rose Marry memorial Institute Media). The 

worms were then incubated overnight in culture flasks in RPMI-1640 

medium with 2% glucose, 30mM Hepes and 25mg/ml gentamycin per 

milliliter of medium (one worm per 2.5 ml) at 37˚C. Following the 

incubation period, the culture medium was harvested, centrifuged at 

14900 Xg for 30 minutes and the supernatant was estimated for protein 

concentration by using the Thermo Scientific™ Micro BCA Protein 

Assay Kit. The antigen was then aliquoted and stored at -20˚C till use. 

3.1.1.2 Somatic Products: 

    After collection of Fasciola E/S antigens, the worms were separated 

and ground in dry ice using a pestle and morter. Approximately four 

volumes of PBS were added and the ground material was left to stand for 
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30 minutes with occasional shaking on ice. The soluble somatic extract 

was collected by centrifuging the homogenate at 5000g at 4˚C. After 

dialysis, the homogenate was centrifuged again for 500g at 4˚C for 15 

minutes. The protein concentration of antigens was measured by using 

the Thermo Scientific™ Micro BCA Protein Assay Kit. The prepared 

antigens were then aliquoted and stored at -20ᵒc until use. 

3.1.2 Determination of Antigen Protein Concentration: 

    The Thermo Scientific™ Micro BCA Protein Assay Kit (Product No. 

23225), was used for the quantification of the total protein concentration 

in the E/S and somatic antigens as follow: 

3.1.2.1 Preparation of the Micro BCA Working Reagent (WR): 

The  WR was prepared by mixing 25 parts of Micro BCA Reagent MA 

and 24 parts Reagent MB with 1 part of Reagent MC (25:24:1, Reagent 

MA:MB:MC).  150µL was pippated of each standard or unknown sample 

replicate into a microplate well (Product No. 15041). 150µL of the WR 

were added to each well and mixed thoroughly on a plate shaker for 30 

seconds. The plate was covered using sealing tape for 96-Well Plates 

(Product No. 15036) and incubated at 37°C for 2 hours. Then the plate 

was cooled to room temperature and the absorbance was read at or near 

562nm on a plate reader. 

The calculation of standard curve was made by plotting the average 

reading for each BSA standard vs. its concentration in µg/mL. The 

standard curve was used to determine the protein concentration of the 

samples. The curve was made by Microsoft Excel programme. 

3.1.3. Sodium, Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 

(SDS-PAGE): 

Somatic and E/S antigens were run by 10% acrylamide gel slabs 

containing SDS as described by (Laemmli, 1970). Details of standard 
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protocol regarding the preparation of polyacrylamide gel were illustrated 

in (Tables 3 and 4). The resolving gel (Table 3) was poured till 3/4 of the 

plate's length approximately; small layer of isopropanol was added on the 

top of it directly prior to polymerization. The purpose of isopropanol was 

to produce a smooth, completely level surface on the top of the resolving 

gel, so that bands were straight and uniform.  

Before adding the stacking gel (Table 4), the isopropanol was poured off 

the resolving gel into a sink and excess isopropanol removed from the 

surfaces by rinsing the top layer of the gel with water and dry off as much 

of the water as possible by using filter paper. Then the stacking gel was 

poured to the top and the comb was inserted between the plates, taking 

care not to catch bubbles under the teeth.  

   For sample preparations, the two antigen extracts were diluted with 

equal volume of samples buffer (2% SDS and 0.1 M dithiotreitol, sigma 

chemical Co.) in tris buffer (pH 6.8) and heated for 3 minutes at 100˚C. 

After 20 -30 minutes the comb was removed and the wells were washed 

with water. Twenty micrograms of protein of each E/S and SO products 

were loaded slowly in each well of separate gel. 5ul of molecular weight 

standard markers (Roti®-mark prestained, Roth) were run in one of the 

outside lanes of the gel. Samples were electrophoresed at 100 V in SDS 

running buffer until the lowest molecular weight  standard band had 

migrated to approximately 1cm from the bottom of the gel; about 60 

minutes. The gels were then stained with Coomasie blue (Sigma chemical 

Co.) at room temperature overnight to visualize the different bands. The 

gels were then destained with destaining solution several times to wash 

the excessive stain and to clarify the bands.  
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Preparation of Polyacrylamide Gel: 

Table 3.1: Resolving Gel: (10ml) 

  

Component Quantity 

Acrylamide 4.2ml 

dH2O 3.2ml 

Resolving buffer 2.5ml 

SDS 10% 100 µl 

Ammonium persulfate (APS) 10% 100µl (10ul/ml) 0.1gm/ml 

TEMED 14µl 

 

 

Table 3.2: Stacking Gel: (8ml) 

 

Component Quantity 

Acrylamide 1.3ml 

dH2O 4ml 

Stacking buffer 2.5ml 

SDS 10% 100µl 

Ammonium persulfate (APS) 10% 100µl (10µl/ml) 

TEMED 10µl 
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3.2. Collection of Samples:  

  One hundred fifty six and ninety two rectal faecal and blood samples 

were collected from both sheep and cattle, respectively at Rabbak and 

Kosti (White Nile State, Sudan) an area known to be endemic with 

fasciolosis. Faecal samples were transported to the laboratory and stored 

at 4˚C until the test was performed within 48 hours. The sera were 

separated from the blood samples and stored at -20˚C for further studies.  

3.2.1 Coprological Examination: 

Detection of F.gigantica and paramphistomum eggs in faeces was carried 

out by sedimentation method using (Brumpt᾿ s technique) 3 gm of faeces 

were weighed and placed in a container. 40-45 ml of tap water was added, 

mixed and filtered through a tea strainer. The filtered material was placed 

in test tube for 5 minutes. Then the supernatant was removed carefully. 

The sediment was stained with drop of methelene blue, transferred to 

slide with a coverslip and examined under the microscope for the 

presence of F.gigantica and Paramphistomum eggs. 

  3.2.2 Antibody detection by Indirect ELISA: 

Each well of a polystyrene microtiter plates (Greneir, Germany) was 

filled with 100 µl of 5mg/ml of either E/S or SO products of adult 

F.gigantica and Paramphistomum ES antigen in 0.1 M 

carbonate/bicarbonate buffer (pH 9.6). The plates were incubated 

overnight at 4˚C (Harlow and Lane 1988).The wells were washed three 

times with PBST (PBS pH 7.2, 0.05% Tween-20) to get rid of excess 

unbound antigen and the remaining free binding sites were blocked with 

blocking buffer (3% skimmed milk in PBS), 200ul/well for 1 hour at 

37˚C. The plates were again washed three times with PBST. Sera samples 

collected from different sources were diluted (1:100) in 1% skimmed 

milk prepared in PBS (pH 7.2) and 100μl of each diluted serum was 

dispensed as duplicate in each well and incubated at 37°C for 1h. Wells 
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were washed again three times with PBST and 100ul/ml of the conjugate 

(1:10000 dilutions in blocking buffer, 7.4) were added to all wells and 

incubated for 1 hour at 37˚C. Finally after three washes with PBST, 100ul 

of the substrate TMB were added to all wells. The plates were incubated 

10 minutes at 37˚C. The reaction was stopped after 2 minutes using 50µl 

of 2M sulphuric acid in each well. The absorbance readings were taken at 

450 nm using an ELISA reader. The data were expressed as the mean of 

the optical density. The limit for discriminating negative from positive 

results was determined by the mean value of the negative controls plus 2 

standard deviations. The sensitivity and the specificity of ES/SO indirect 

ELISA was calculated as follows: 

Sensitivity%= TP/TP+FPx100 

Specificity%=TN/TN+FNx100 

Table 3.3: Summary of the ELISA protocol: 

 

Assay Steps  Incubation 

Period 

Incubation 

Temperature 

Wash Steps 

Coat ES antigen Overnight 4
 o
C 3X 

Blocking 1 hour 37
 o
C 3X 

Add Test sera 1 hour 37
o
C 3X 

Add conjugate 45 min 37
o
C 3X 

Add substrate 10 min Room temp - 

Add Stopper None Room temp - 

Read reaction At 450 nm   
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CHAPTER FOUR 

4. Results 

4.1 Electrophoresis of F.gigantica ES/SO Antigens in Sheep and 

Goats Origin: 

     The electrophoretic profile of F.gigantica execretory secretory 

products (E/S) and somatic extracts (SO) from different isolates of sheep 

and goats under reducing conditions in 10% SDS-PAGE were illustrated 

in Fig (1, 2, 3, 4). SDS-PAGE analysis of E/S antigens of F.gigantica 

existing in both sheep and goats revealed different patterns: In sheep E/S 

protein had 12 major peptide bands with molecular weight of 14, 17, 19, 

21, 24, 28, 31, 33, 40, 55, 62 and 72 KDa whereas, in goat E/S protein 

had nine bands with molecular weights of 12, 14, 17, 19, 21, 24, 40, 55 

and 72KDa (Fig 1&2). Comparison between sheep and goat F.gigantica 

E/S antigen revealed eight common dominant bands (14, 17, 19, 21, 24, 

40, 55 & 72KDa). 

    In contrast, F.gigantica somatic antigens in both sheep and goat 

revealed four common dominant bands (14, 28, 45 & 66 KDa) and three 

goat-specific bands (19, 38 & 50 KDa) (Fig 3&4).   

    Moreover, between E/S and SO in sheep, there were two common 

major bands with molecular weight of 14 & 28KDa. Only two distinct 

bands (14, 19) were shared by goat somatic and E/S F.gigantica antigens. 
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Fig 1&2: Protein profile of F.gigantica secretory/execretory extract from 

different liver of both sheep (lane2, 3, 4) and goat (lane 5, 6, 7), 

molecular weight marker (lane1) 
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Fig 3&4: Protein profile of F.gigantica somatic extract from different 

liver of both sheep (lane 2, 3, 4) and goat (lane5, 6, 7), molecular weight 

marker M 
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4.2 Electrophoresis of F.gigantica ES/SO antigens in three different 

cattle ecotype: 

   Three common major bands with approximate molecular weight of 27-

30, 45 and 66kDa were identified in somatic preparation of the parasite 

from three different bovine type (White Nile, Mangisto and Niyala) (Fig 

5). 

    Bands of protein less than 17, 57, 95 and 110 kDa were only seen in 

the somatic extract of fasciola from Western cattle type, while Mangisto 

type showed 5 polypeptide bands with specific bands above 123 and 

95kDa. Only one specific band (above 80) was seen in White Nile type. 

   Approximately similar electrophoretic pattern for E/S products of 

F.gigantica in the three cattle type, which included 7 common major 

protein bands with molecular weight of 17, 20, 23,27,33,40 and 80kDa. 

Nevertheless, the electrophoretic separation of the E/S antigen in both 

Mangisto and Niyala ecotype showed two different bands with molecular 

weight of less than 17, 45 and 87, 95 kDa, respectively. 

4.3. Electrophoretic pattern of F.gigantica ES/SO antigens in cattle, 

sheep and goats: 

   The general conclusion of the electrophoretic migration pattern of 

F.gigantica E/S and SO extract from sheep, goats and cattle were 

characterized by several bands with molecular weights ranging from 12-

95 and 14-123KDa, respectively. Dominant common bands for both ES 

and SO products were clustered between 27-30 KDa. 

   Major common bands were observed in SO extracts of F.gigantica in 

sheep, goats and cattle at 45 and 66, there were at least five bands 47, 80, 

95, 110 and 123 KDa identified only in cattle, two bands 38 and 50 KDa 
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were goats-specific and only one band 14 KDa in sheep. The 

electrophoretic pattern also showed some similarities and some 

differences between ES protein extracts of F.gigantica existing in sheep, 

goat and cattle. Eleven bands with molecular weight of 14, 17, 19, 21, 24, 

28, 31, 33, 40, 55, 62 and 77 were identified in sheep, where as ten bands 

with molecular weight of 17, 20, 23, 27, 33, 40, 45, 80, 87 and 95 KDa 

were showed in cattle. However nine bands with molecular weights of 12, 

14, 17, 19, 21, 24, 40, 55 and 72 were found in goats. Dominant bands of 

F.gigantica ES extracts in sheep, goats and cattle were clustered between 

17-24, 27-33 and 40 KDa. The differences between sheep, goats and 

cattle F.gigantica ES antigen revealed two common dominants bands 55 

and 72KDa in both sheep and goats and four cattle-specific bands with 

molecular weights of 45, 80, 87 and 95 KDa. 
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Fig 5: Protein profile of F.gigantica somatic extract from different livers 

of White Nile cattle type (lane1, 2), Mangisto type (lane3, 4) and Niyala 

type (lane5, 6) 

 

 

  

 

 

               

 

 

Fig 6: Protein profile F.gigantica secretory / extract of different livers of 

White Nile cattle type (lane1, 2), Mangisto type (lane 3,4) and Niyala 

type (lane 5,6) 
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4.4. Results of indirect ELISA and sedimentation tests in cattle: 

4.4.1. Results of Fasciola gigantica: 

   Out of 156 cattle faecal samples examined, 30 were found positive with 

Fasciola gigantica indicating prevalence of 19.2%. Using ES Fasciola 

antigen in indirect ELISA test 47 out of 156 blood samples were positive 

indicating seroprevalence of 30%. Using SO Fasciola antigen in indirect 

ELISA test 29 out of 155 blood samples were positive indicating 

seroprevalence of 18.7%. (Tables 4.1&4.2) 

    The diagnostic performance of the indirect ELISA using ES Fasciola 

gigantica antigen to detect Fasciola infection was illustrated in (Table 6). 

When using ES Fasciola antigen 8 sera out of 30 positive for Fasciola by 

faecal examination resulted positive at indirect ELISA and faecal analysis 

indicating a sensitivity of 27%. Similarly, 87 sera out 126 negative for 

Fasciola by faecal examination resulted negative at both tests indicating a 

specificity of 69%. Furthermore, 39 sera samples out of 126 negative for 

Fasciola by faecal examination resulted positive at ELISA, while 22 sera 

samples out of 30 positive for Fasciola by faecal examination resulted 

negatively. (Table 4.1) 

    Assessing the validity of an indirect ELISA test for serological 

diagnosis of cattle fasciolosis somatic antigen was tested comparing with 

Fasciola faecal analysis (Table 4.2). We found that a total number of 102 

sera out of 125 negative for Fasciola by faecal examination resulted 

negative at indirect ELISA test and faecal analysis indicating a specificity 

of 81.6%. Moreover, 6 sera out of 30 positive for Fasciola by faecal 

examination were positive at both tests indicating a sensitivity of 20%. 

We also observed that 23 sera out of 125 negative for Fasciola at faecal 

examination had positive values of indirect ELISA and negative by faecal 
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analysis, whereas, 24 sera samples resulted positive to faecal analysis and 

negative to ELISA test.  

Table 4.1: Sensitivity and Specificity of indirect ELISA Test using ES Fasciola 

Antigen from Cattle 

 

Count     

  ES fasciola 

Total 

  Negative ES 

ELISA 

Fasciola  

Positive ES 

ELISA 

Fasciola 

Sed* 

Fasciola 

Negative faecal 

Fasciola 
87 39 126 

Positive faeca 

Fasciola 
22 8 30 

Total 109 47 156 

Sed* Sedimentation 

ES Execretory/Secretory 

Sensitivity    =   27% (8/30)   Specificity    =   69% (87/126) 

Table 4.2: Sensitivity and Specificity of indirect ELISA Test using Somatic 

Fasciola Antigen from Cattle 

 

Count     

  SO Fasciola 

Total 

  Negative SO 

ELISA 

Fasciola 

Positive SO 

ELISA 

Fasciola 

Sed* Fasciola Negative faecal 

Fasciola  
102 23 125 

Positive faecal 

Fasciola  
24 6 30 

Total 126 29 155 

 

SO Somatic 

Sensitivity = 20 %( 6/30)     Specificity =81.6 %( 102/125) 
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  When the indirect ELISA data obtained from sera of cattle were 

analyzed by using ES and SO fasciola antigens (Table 4.3), it was 

observed that among 47 positive fasciola using fasciola ES antigen 22 

sera were found positive for fasciola somatic antigen. While, 25 sera 

samples resulted negative for fasciola somatic antigen and positive for 

fasciola ES antigen. Similarly, among the 107 sera samples of negatively 

ES antigen 6 sera were found positive for fasciola SO antigen and 101 

resulted negative for both.   

    By using ES Fasciola gigantica antigen versus paramphistomum faecal 

analysis (Table 4.4), it was found that 17 sera out of 46 positive for 

Paramphistomum by faecal examination were positive for both indirect 

ELISA test and faecal examination. Meanwhile, the number of negative 

sera samples that react negative in both faecal analysis and indirect 

ELISA were 80 out of 110 negatively Paramphistomum faecal samples. 

Moreover, 30 sera samples were positive by indirect ELISA and negative 

by faecal examination, while, 29 samples were negative by indirect 

ELISA and positive by faecal examination. 

    For performance of indirect ELISA using both ES Paramphistomun 

antigen and ES Fasciola antigen were given in (Table 4.5 & 4.6).The 

results detected by serological indirect ELISA test showed that among the 

61 sera of positively Paramphistomum 26 sera were found positive for 

Fasciola, while 35 sera samples resulted negative for Fasciola and 

positive for Paramphistomum. Similarly, among the 95 sera samples of 

negatively Paramphistomum 21 sera were found positive for Fasciola and 

74 sera resulted negative for both. Furthermore, the numbers of   

serologically positive Fasciola samples were 47. Among these positive 
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samples 26 were found positive for paramphistomum, while, 21 sera 

samples resulted negative for paramphistomum and positive for Fasciola.  

Table 4.3: Cross-tabulation Result of indirect ELISA comparing 

ES and SO Fasciola Antigens from Cattle. 

 

Count     

  SO Fasciola 

Total 

  Negative SO 

ELISA 

Fasciola  

Positive SO 

ELISA  

Fasciola  

ES ELISA 

Fasciola  

Negative ES 

ELISA Fasciola 
101 6 107 

 Positive ES 

ELISA  Fasciola 
25 22 47 

Total 126 28 154 

ES Execretory/secretory 

SO Somatic 

 

 

Table 4.4: Cross-tabulation Result of Cattle Faecal Examination for 

Paramphisomum and indirect ELISA using Somatic Fasciola 

Antigen. 

 

Count     

  SO Fasciola 

Total 

  Negative SO 

ELISA 

Fasciola  

Positive SO 

ELISA 

Fasciola[ 

Sed* 

Param** 

Negative Faecal 

Param** 
80 30 110 

Positive Faecal 

Param** 
29 17 46 

Total 109 47 156 

 

Sed* Sedimentation 

Param** Paramphistomum 

 



95 
 

 

Table 4.5: Cross-tabulation Result of indirect ELISA using 

ES Paramphistomum Antigen versus ES Fasciola Antigen  

from Cattle. 

 

 

Count     

  ES Fasciola 

Total 

  Negative ES 

ELISA 

Fasciola  

Positive ES 

ELISA 

Fasciola  

ES 

Param** 

Negative ELISA 

param** 
74 21 95 

Positive ELISA 

param** 
35 26 61 

Total 109 47 156 

ES Execretory/Secretory 

Param** Paramphistomum 

 

 

Table 4.6: Cross-tabulation Result of indirect ELISA using 

ES Fasciola Antigen versus Paramphistomum ES Antigen 

from Cattle  

 

 

Count     

  ES Param** 

Total 

  Negative 

ES ELISA 

Param**  

Positive ES 

ELISA 

Param** 

ES 

Fasciola 

Negative ES 

ELISA Fasciola 
74 35 109 

Positive ES 

ELISA Fasciola 
21 26 47 

Total 95 61 156 

ES Execretory/secretory 

Param** Paramphistomum 
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Among the 109 sera samples which were serologically negative for 

Fasciola 35 sera samples were found positive for Paramphistomum and 

74 samples resulted negative for both antigens. 

4.4.2. Results of Paramphistomum: 

    Out of 156 cattle faecal samples examined 46 were positive for 

Paramphistomum spp. indicating prevalence of 29.5%. However, by 

using ES Paramphistomum antigen in indirect ELISA test 61 out of 156 

blood samples were positive indicating seroprevalence of 39 %. 

     After comparing data from ELISA using ES Paramphistomum antigen 

and faecal analysis, it was found that 20 sera out of 46 positive for 

Paramphistomum at faecal examination were positive for both tests 

giving a sensitivity of 43.4%. Meanwhile, the numbers of negative faecal 

samples that react negative in ELISA test were 69 with specificity of 62.7 

%.( Table 4.7) 

     On the other hand, 41 samples of the sera analyzed had positive values 

of indirect ELISA and negative by faecal examination. Also 26 sera were 

negative by indirect ELISA and positive by faecal examination.                  

Considering the ES Paramphistomum antigen versus Fasciola gigantica 

faecal samples (Table 4.8), a total number of 77 sera out of 126 negative 

for Fasciola by faecal examination resulted negative in both indirect 

ELISA and faecal examination. While, 12 sera samples out of 30 positive 

for Fasciola by faecal examination were found positive to indirect ELISA. 

Moreover, 49 of the sera samples analyzed had positive values of indirect 

ELISA and negative by faecal analysis, while 18 sera resulted negative at 

ELISA test and positive at faecal examination.   
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Table 4.7: Sensitivity and Specificity of indirect ELISA Test using 

ES Paramphistomum Antigen from cattle. 

 

Count     

  ES Param** 

Total 

  

Negative ES 

ELISA Param  

Positive ES 

ELISA Param 

  

Sed 

Param** 

Negative faecal 

Param  
69 41 110 

Positive faecal 

Param  
26 20 46 

Total 95 61 156 

Param** Paramphistomum 

ES Secretory/Execretory 

Sensitivity = 43.4% (20/46) 

Specificity = 62.7 %.( 41/110) 

 

Table 4.8: Cross-tabulation  Result of Cattle Faecal Examination for  

Fasciola and indirect ELISA Test using Paramphistomum ES 

Antigen 

 

 

Count     

  ES Param** 

Total 

  

Negative 

ELISA Param 

Positive 

ELISA 

Param** 

Sed* Fasciola Negative faecal 

Fasciola 
77 49 126 

Positive faecal 

 Fasciola 
18 12 30 

Total 95 61 156 

Sed* Sedimentation 

Param** Paramphistomum 

ES Secretory/Execretory 
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4.5. Results of indirect ELISA and sedimentation tests in sheep: 

4.5.1. Results of Fasciola gigantica: 

    Out of 92 sheep faecal samples examined 21 were positive for 

F.gigantica indicating prevalence of 22.8%. By using ES Fasciola antigen 

in indirect ELISA test 21 out of 92 blood samples were positive 

indicating seroprevalence of 22.8%. Moreover, by using SO Fasciola 

antigen in indirect ELISA test 19 out of 92 blood samples were positive 

indicating seroprevalence of 20.6%. 

   After comparing data from indirect ELISA using both ES and SO 

antigens versus faecal analysis (Table 4.9 & 4.10), considering ES 

antigen; it was observed that 6 sera out of 21 positive for Fasciola at 

faecal examination were positive for both tests indicating a sensitivity of 

28.6%. Meanwhile, the number of negative samples that react negative in 

both faecal analysis and indirect ELISA were 56 with specificity of 

78.9%. On the other hand, 15 samples of the sera analyzed had positive 

values of indirect ELISA and negative by faecal examination. While 15 

sera out of 71 negative for Fasciola by faecal examination resulted 

positive. (Table 4.9) 

   When using SO Fasciola gigantica antigen  7 sera samples out of 21 

positive at faecal examination resulted positive to both indirect ELISA 

test and Faecal examination  indicating  a sensitivity of 33%, while 59 

sera samples were negative to indirect ELISA and faecal analysis 

indicating  a specificity of 83%(59/71). Furthermore 12 sera samples out 

of 71 negative by faecal examination resulted positive at ELISA, while 14 

sera samples out of 21 positive by faecal examination resulted negative. 

(Table 4.10) 
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Table 4.9: Sensitivity and Specificity of indirect ELISA Test using ES 

Fasciola Antigen from Sheep 

 

Count     

  Fasciola ES 

Total 

  Negative ES 

ELISA 

Fasciola 

Positive ES 

ELISA 

Fasciola 

Sed* Fasciola  Negative faecal  

Fasciola 
56 15 71 

positive faecal 

Fasciola 
15 6 21 

Total 71 21 92 

Sed* Sedimentation 

ES Secretory/Execretory 

Sensitivity 28.6% (6/21).  Specificity 78.9% (56/71) 

 

Table 4.10 Sensitivity and Specificity of indirect ELISA Test using 

Somatic Fasciola Antigen from Sheep 

 

Count     

  Fasciola SO 

Total 

  Negative  SO 

ELISA 

Fasciola 

Positive SO 

ELISA 

Fasciola 

Sed* Fasciola  Negative faecal 

Fasciola 
59 12 71 

Positive faecal 

Fasciola 
14 7 21 

Total 73 19 92 

Sed* Sedimentation 

SO Somatic 

Sensitivity 33% (7/21)  Specificity 83% (59/71) 
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When the indirect ELISA data obtained from sera of sheep were analyzed 

by using ES and SO Fasciola antigens (Table 4.11, it was observed that 

among 21 positive fasciola using ES fasciola antigen 4 sera were found 

positive for fasciola somatic antigen. While, 17 sera samples resulted 

negative for fasciola somatic antigen and positive for fasciola ES antigen. 

Similarly, among the 71 sera samples of negatively ES antigen 15 sera 

were found positive for fasciola SO antigen and 56 resulted negative for 

both.   

    Assessing the validity of an indirect ELISA test for serological 

diagnosis of sheep fasciolosis, both ES and SO fasciola antigens were 

tested comparing with Paramphistomum faecal result Table (4.12& 4.13). 

Based on ES antigen, it was shown that a total number of 60 sera out of 

79 negative for Paramphistomum at faecal examination resulted negative 

in both indirect ELISA and faecal analysis. Meanwhile, 2 sera out of 13 

positive for Paramphistomum at faecal examination were positive to both 

tests. We also observed that 19 sera out of 79 negative for 

Paramphistomum at faecal examination  had positive values of indirect 

ELISA, whereas, 11  resulted positive to faecal analysis and negative to 

ELISA. Considering the SO Fasciola gigantica antigen, We also 

observed that 17sera out of 79 negative for Paramphistomum at faecal 

examination had positive values of indirect ELISA, whereas, 11 samples 

resulted positive to faecal analysis and negative to indirect ELISA. A 

total number of 62 sera out of 79 negative for Paramphistomum at faecal 

examination resulted negative in both indirect ELISA and faecal 

sedimentation test. While, 2 sera out of 13 positive for Paramphistomum 

at faecal examination resulted positive by indirect ELISA.  

 



111 
 

Table 4.11: Cross-tabulation Result of indirect ELISA 

Test comparing Fasciola ES antigen versus Fasciola 

Somatic Antigen from Sheep 

 

Count     

  Fasciola SO 

Total 

  Negative 

SO ELISA 

Positive SO 

ELISA 

Fasciola 

ES 

Negative ES 

ELISA Fasciola 
56 15 71 

Positive ES  

ELISA Fasciola 
17 4 21 

Total 73 19 92 

ES Execretory/Secretory 

SO Somatic 

Table 4.12: Cross-tabulation Result of Sheep Faecal 

Examination  for Paramphistomum and indirect ELISA test 

using Fasciola ES Antigen 
 

Count     

  Fasciola ES 

Total 

  Negative 

ES ELISA 

Fasciola 

Positive ES 

ELISA 

Fasciola  

Sed* 

Param**  

Negative faecal 

Param** 
60 19 79 

Positive faecal 

Param** 
11 2 13 

Total 71 21 92 

Sed* Sedimentation 

Param** Paramphistomum 

ES Secretory/Execretory 
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Table4.13:Cross-tabulation Result of Sheep Faecal 

Examination for Paramphistoum and indirect ELISA Test 

using Fasciola Somatic Antigen 

 

 

Count     

  Fasciola SO 

Total 

  Negative 

SO ELISA 

Fasciola 

Positive SO 

ELISA 

Fasciola 

Sed* 

Param**  

Negative faecal 

Param** 
62 17 79 

Positive faecal 

Param** 
11 2 13 

Total 73 19 92 

Sed* Sedimentation 

Param** Paramphistomum 

SO Somatic 
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   In sheep, (Tables 4.14 &4.15) after comparing data from indirect 

ELISA using ES Paramphistomum and ES/SO Fasciola gigantica 

antigens we concluded that among the 20 sera of positively ES Fasciola 4 

sera were found positive for Paramphistomum, while 16 sera samples 

resulted negative for Paramphistomum and positive for ES Fasciola 

antigen. Similarly, among the 67 sera samples of negatively Fasciola 6 

sera were found positive for Paramphistomum and 61 sera resulted 

negative for both. Furthermore, the numbers of serologically positive SO 

Fasciola samples were 17. Among these positive samples 8 were found 

positive for Paramphistomum, while, 9 sera samples resulted negative for 

Paramphistomum and positive for SO Fasciola antigen. Among the 70 

sera samples which were serologically negative for SO Fasciola antigen 2 

sera samples were found positive for Paramphistomum and 68 samples 

resulted negative for both antigens. 

4.5.2. Results of Paramphistomum spp.:  

   Out of 87 sheep faecal samples examined 12 were positive for 

Paramphistomum sp. indicating prevalence of 13.8%. Using ES 

Paramphistomum antigen in indirect ELISA test 10 out of 87 blood 

samples were positive indicating seroprevalence of 11.5%.(Table 

4.16,4.17)  The diagnostic performance of the indirect ELISA using ES 

Paramphistomum antigen to detect Paramphistomum infection is 

illustrated in table (21). The result revealed that 1 serum sample out of 12 

positive at faecal examination resulted positive to both indirect ELISA 

test and faecal examination indicating a sensitivity of 8.3% (1/12), while 

66 sera samples were negative to indirect ELISA and faecal analysis 

indicating a specificity of 88% (66/75). It was also found that 9 sera out 

of 75 negative by faecal examination had positive values of indirect 

ELISA; whereas, 11sera  samples resulted positive to faecal analysis and 



114 
 

negative to ELISA. On the other hand, the indirect serological ELISA 

was assessed to detect Paramphistomum ES antigen versus Fasciola 

faecal samples result (Table 4.17). A total number of 60 sera out of 66 

negative for Fasciola by faecal examination resulted negative in both 

indirect ELISA and faecal analysis. While, 4 sera samples out of 21 

positive for Fasciola by faecal examination were found positive to 

indirect ELISA. Moreover, 6 of the sera samples analyzed had positive 

values of indirect ELISA and negative by faecal analysis, while 17 sera 

resulted negative at indirect ELISA test and positive at faecal 

examination.   
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Table4.14: Cross-tabulation Result of indirect ELISA 

Test comparing Fasciola ES Antigen versus 

Paramphistomum ES Antigen from sheep 

 

 

Count     

  ELISA param** 

Total 

  Negative 

ELISA 

Param** 

Positive 

ELISA 

Param** 

Fasciola 

ES 

Negative ES 

ELISA Fasiola 
61 6 67 

Positive ES 

ELISA Fasciola 
16 4 20 

Total 77 10 87 

Param** Paramphistomum 

ES Secretory/Execretory 

 

Table4.15: Cross-Tabulation Result of indirect ELISA Test 

comparing Fasciola Somatic Antigen versus Paramphistomum 

ES Antigen from sheep. 
 

 

Count     

  Param** ES 

Total 

  Negative  

ES ELISA 

Param** 

Positive ES 

ELISA 

Param** 

Fasciola SO Negative SO 

ELISA Fasciola 
68 2 70 

Positive SO 

ELISA fasciola 
9 8 17 

Total 77 10 87 

Param** Paramphistomum 

SO Somatic 
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Table4.16: Sensitivity and Specificity of indirect ELISA Test 

using Paramphistomum ES Antigen from Sheep 

 

Count     

  Param** ES  

Total 

  Negative  

ES ELISA 

Param** 

Positive ES 

ELISA 

Param** 

Sed* 

Param**  

Negative faecal 

Param** 
66 9 75 

Positive faecal 

Param** 
11 1 12 

Total 77 10 87 

Sed* Sedimentation 

Param** Paramphistomum 

Sensitivity = 8.3% (1/12) 

Specificity = 88% (66/75) 

Table 4.17 Cross tabulation  Result of sheep faecal examination 

for Fasciola and indirect ELISA using Paramphistomum 

Antigen 

 

 

Count     

  Param** ES 

Total 

  Negative 

ES ELISA 

Param** 

Positive ES 

ELISA 

Param** 

Sed* 

Fasciola  

Negative faecal 

Fasciola 
60 6 66 

Positive faecal 

Fasciola 
17 4 21 

Total 77 10 87 

Sed* Sedimentation 

Param** Paramphistomum 

ES Secretory/Execretory 
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CHAPTER FIVE 

  5. Discussion 

    The parasitic helminth antigens are commonly defined in the term of 

molecular weight and their chemical nature. The antigenic epitope that 

may stimulate the immune system and the profile of immunoglobulin 

classes elicited by these antigens play a crucial role in the host-parasite 

interplay. The antigenic components of F.gigantica ES and somatic 

products were contrasted using SDS-PAGE which provide the base line 

to distinguish between the two antigens on electrophoresis basis. To 

compare the electrophoretic pattern of somatic and ES antigens of 

F.gigantica by SDS-PAGE, the adult flukes were collected from infected 

livers of cattle, sheep and goats. ES and somatic isolates were prepared 

by incubation and homogenization of adult flukes, respectively. 

   The general conclusion of SDS-PAGE analysis showed the presence of 

several bands with lower molecular weights ranging from 12-95 KDa in 

the ES products comparing with 14-123KDa in the somatic one. 

   Dominant common bands for both ES and SO extracts were clustered 

between 27-30 KDa. The identified clustered proteins during the current 

investigation are in accordance to (Goreish et al., 2008, Espino et al., 

1993) and partially agree with the previous finding of Upadhyay and 

Kumar (2002). They reported that three common bands (24, 33, and 42 

KDa) were occurred between the ES and somatic antigen of 

F.gigantica.The result of Moazeni et al., (2005) study showed that ES 

and SO antigens of both species of Fasciola have cross reaction with each 

other. This means that some antigenic materials are common between ES 

and SO antigen. Indirect immunoflouorescence of tissue sections of adult 

fluke indicated that 26-28 KDa coproantigen was present in gut cell and 
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tegument (Abdel-Rahman et al., 1999). Sabhon et al., (1998) stated that 

26 and 27 KDa were most likely derived from the deeply localized tissue, 

such as caecum which also continuously released its content to the 

exterior. The two proteins have been purified and characterized for their 

amino acid composition and sequence and are believed to be cysteine 

proteases (Kiatpathomchai et al., 1995). Chaithirayanon et al., (2002) 

also revealed that 28.5 KDa antigen present in the tegument, ES material 

of the adult, whole – body extracts of newly excysted juveniles, 5-week-

old juvenile and adult fasciola. It did not cross react with antigen from 

other trematode parasites, including S. mansoni. 

    A single band at 28 KDa size was detected in anion exchange 

chromatography purified fraction from F.gigantica ES antigen 

(Latchumikanthan et al., 2012). This result is similar to the findings of 

Fagbemi and Hillyer (1992) who revealed 28.3 KDa protein from adult 

F. gigantica under reducing and non reducing SDS-PAGE. Sriveny et al., 

(2006) observed doublet 27-29 KDa Cathepsin L cystein proteinase 

antigen from F.gigantica in 15% SDS-PAGE on purification with anion 

exchange chromatography. Dixit et al., (2003) also characterized 28 KDa 

cysteine proteinase from bubalian liver flukes using 15% SDS-PAGE. 

Rivero-Marrero et al., (1988) used western blotting and reported that the 

bands of 25-30 KDa in the ES antigen were specific for acute and chronic 

fasciolosis in rabbits, cows and sheep. Sampaio-Silva et al., (1996) 

reported that 25-27 KDa components recognized by all 20 fasciolosis sera 

from human using ES product of adult Fasciola hepatica. 

    Protein of MW of 27 and 26 Kda were also purified from the caecum 

of F.gigantica by Sabhon et al., (1998), who analyzed the protein from 

homogenized whole body of the worm. Similar findings were identified 

by Gupta et al., (2003) and Allam et al., (2002). They reported the 
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presence of 27 KDa protein in the whole worm antigen on SDS-PAGE 

analysis of F. gigantica. Other investigations evaluated the performance 

of a 27 KDa subunit of F.hepatica somatic antigen in two systems, 

immunoblotting and ELISA, and showed that this subunit has satisfactory 

validity in diagnosis of human fasciolosis (Shafiei et al., 2015; Intapan 

et al., 2003 and Abdel M Farghaly et al., 2009). Cysteine proteinases are 

intensely immunogenic in cattle and sheep (Kiatpathomchai et al., 1995 

and Wijffels et al., 1994). F.hepatica cysteine proteinase has been tested 

as possible vaccine candidate in sheep and cattle (Dalton et al. 1996). 

The 26 KDa GST from F.hepatica is an antigenic protein transiently 

expressed on the tegument surface execreted by the parasites (Abath and 

Werkhauser 1996). Vaccines containing FABP or GST induce partial 

protection in experimently infected mice and sheep (Lopez et al., 2007, 

2008; Paykari et al., 2002; Preyavichyapugdee et al., 2008; Sexton et 

al., 1990). 

    Major common bands were identified in SO extracts of F.gigantica in 

sheep, goats and cattle at 45 and 66. This result is in close association to 

the result of Viyanant et al., (1997a, b), who identified 66 and 47. 

Similarly Gul et al., (2013) noticed that dominant bands for both 

F.gigantica and F.hepatica in bovines clustered between 46 -58 KDa. 

Sabhon et al., (1998) discovered major antigens from the surface of 

tegument of adult F.gigantica at 66, 58, 54 KDa (Sabhon et al., 1996 and 

Viyanant et al., 1997b).Viyanant et al., (1997) studied a monoclonal 

antibody specific to 66 KDa antigen of F.gigantica for the detection of 

circulating antigens in experimently and naturally infected cattle. They 

demonstrated that circulating antigen could be detected as early as the 

second and third week after infection. The 66 KDa has been specifically 

located and found to be concentrated in the surface membrane. Its 
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potential as vaccine candidate should be explored, since hosts 

immunological attacks elicited by this protein may result in the disruption 

of the membrane and tegument and hence, which in turn could injure and 

kill the parasites. 

   Three common major bands with approximate molecular weight of 27-

30, 45 and 66 KDa were found in the somatic preparation of the parasite 

from three different cattle type. >17, 57, 95 and 110 KDa were only seen 

in western cattle type, while Mangisto showed 5 polypeptide bands with 

specific bands above 95 and 123 KDa. Only one specific band (<80) was 

seen in White Nile breed. The electrophoretic scanning revealed the 

presence of 110 KDa protein in F.gigantica (Maghraby et al., 2007). 

Sabhon et al., (1996) analysed the proteins from homogenized whole 

body of F.gigantica, it was found that there were approximately 21 

bands, ranging in molecular weight from 17-110KDa. Closely similar 

protein bands between 21-110 KDa were detected in F.gigantica of 

Sudanese cattle (Goreish et al., 2008). Maleewong et al., (1997) revealed 

at least 13 components by immunoblotting analysis of somatic extracts of 

F.gigantica. These antigenic components had molecular weights ranging 

from less than 14.4 to more than 94 KDa. 

     Krailas et al., (2002) purified surface tegument antigens of 

F.gigantica by filteration chromatography, protein with molecular 

weights ranging from 27-97 were present in the fraction of purified 

antigens. Immunohistochemistry demonstrated that FhTP 16.5 localized 

to the surface of the tegument of various developmental stages and 

parenchymal tissues of the adult fluke. FhTP 16.5 could be a good 

antigen for serodiagnosis of fasciolosis. (Joe et al., 2012).  
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   The differences in the reported molecular weights of F.gigantica in the 

three different cattle type may be due to the existence of different isolates 

from different cattle species or geographical variation. Chauke et al., 

(2014) detected polymorphic genetic variation between the isolates of 

F.gigantica isolated from cattle in different geographical locations using 

RAPD-PCR. Specific RAPD assays have been developed for 

differentiation of fasciolid species in UK, Peru, Ghana and Sudan 

(MCGarry and Ortiz 2007) and the technique enabled differentiation of 

F.hepatica and F.gigantica from cattle and sheep hosts from countries 

mentioned above. 

   F.gigantica somatic antigens in both sheep and goats revealed 4 

common dominant bands 14, 28, 45 and 66 KDa and three goat specific 

bands 19, 38, 50 KDa. These results are in concept with Guobadia and 

Fagbemi (1995) who demonstrated that 17, 21, 57 and 69 KDa protein 

bands were specific for F.gigantica infection in sheep. However, ES and 

crude antigens obtained from F.hepatica in sheep were 33, 39.5 and 42 

KDa in ES antigen and 24, 33 and 66 KDa in crude antigen. 

   The dominant of F.gigantica ES extracts from sheep, goats and cattle 

were clustered between 17-24, 27-33 and 40 KDa. Nearly similar results 

were obtained by Meshgi et al., (2008). They stated that ES protein of 

F.hepatica and F.gigantica were characterized by the presence of 6 

common major peptide bands with molecular weights of 15, 16, 20, 24, 

33 and 42 KDa. 

   The electrophoretic migration showed some similarities and some 

differences between ES antigen extracts of F.gigantica existing in sheep, 

goats, and cattle. Twelve bands with molecular weight of 14, 17, 19, 21, 

24, 28, 31, 33, 40, 55, 62 and 72 KDa were identified in sheep, whereas 
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eleven bands with molecular weights of >17, 17, 20, 23, 27, 33, 40, 45, 

80, 87, and 95 KDa were shown in cattle. On the other hand, nine bands 

with molecular weights of 12, 14, 17, 19, 21, 24, 40, 55 and 72 were 

found in goats. Considering this result, we noticed that the highest 

molecular weights 80, 87 and 95 of F. gigantica ES antigen were 

recorded only in cattle. Meanwhile, the numbers of ES protein bands 

appeared in the three different animals' species are nearly the same. Our 

findings were not consistent with those reported by Upadhyay and 

Kumar (2002) on the number of ES bands (eight bands). In addition 

Meshgi et al., (2008) recorded 6 common ES peptide bands with 

molecular weights of 15-42 KDa for both F.gigantica and F.hepatica. 

However, Silva et al., (2004) showed 11 polypeptides in the adult 

F.hepatica of which five were detected in sera of 20 patients infested with 

this parasite.  

   SDS-PAGE analysis (12% resolving gel) of total ES antigen revealed 7 

polypeptides at 23, 25, 28, 43, 47, 52, 66 KDa molecular weight 

(Latchumikanthan et al., 2012). On the contrary, 4 protein bands of size 

17, 21, 57 and 69 KDa were observed for ES antigen of F.gigantica in 

12.5% by Goubadia and Fagbemi (1997). El Ridi et al., (2007) also 

observed prominent bands at 62-60, 40, 30 and 28 KDa for ES products 

from F.gigantica by 12% SDS-PAGE. In the present study, 10% SDS-

PAGE analysis showed that 12, 10 and 9 polypeptide bands for total 

F.gigantica ES antigen from different animal species, however the 

previous investigators recorded 4 to 7 bands with more or less similar 

molecular weights. This difference may be due to the dilution of 

resolving gel SDS-PAGE or may be to the variation of strains of 

F.gigantica in different parts of the world. Meanwhile, similar results 

obtained by Sampaio-Silva et al., (1996).  
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     It is well known fact that helminth parasites during their development 

undergo antigenic polymorphism which induces drastic alteration in 

immune response. So use of these different developmental stage antigens 

in the immunodiagnosis is very important. Development of simple and 

specific immunological tests for the diagnosis of helminth infections has 

been a major goal for immunological research. Several immunodiagnostic 

methods have been used recently for the diagnosis of trematode infections 

in ruminants and also to assess the immune response elicited by these 

parasites in the experimental animals. Immunodiagnostic methods for the 

detection of these parasitic infections however, usually suffer from 

problems of low sensitivity.  

   Fasciolosis is a parasitic disease caused significant economic losses in 

domestic livestock, particularly cattle and sheep. The pathogenicity of 

Fasciolosis is based on expansion of lesions in the liver of the host by 

migrating and feeding immature flukes as well as host immune responses 

to parasite secreted molecules and tissue damage alarm signals (Molina- 

Hermández et al., 2015). Unfortunately, conventional detection methods 

can only reveal the infestation between 10 and 14 weeks after infection 

when eggs can found in faeces of hosts (Conboy and Stromberg 1991). 

Therefore, designing a more accurate diagnostic assay may be valuable. It 

seems that serological methods can be evaluated as an alternative assay 

for the diagnosis of Fasciolosis because of the relative simplicity and 

early sero-conversion (usually 1-2 weeks) (Sanchez-Andrade et al., 

2000). 

    In the current study, the coproscopy by sedimentation and antibody 

indirect ELISA techniques were utilized to attain the prevalence of 

bovine and ovine fascioliasis comparing with bovine and ovine 
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Paramphistomiasis in Rabbak, White Nile Province, considering the 

associated ES Paramphistomum sp. and ES / SO Fasciola gigantica 

antigens as well as their sensitivity and specificity. 

   Forty six out of 156 cattle faecal samples examined were found positive 

with Paramphistomum sp. with overall prevalence rate of 29.5%. 

However, the seroprevalence of Paramphistomum sp. using ES 

Paramphistomum antigen was 39% (61/156). On the other hand, out of 

156 cattle faecal samples examined, 30 were found positive with Fasciola 

gigantica with an overall prevalence of 19.2%. The seroprevalence of 

Fasciola gigantica when assessed by indirect ELISA using ES Fasciola 

antigen was 30% (47/156). In the present study, we noted that the 

prevalence reports based on antibody ELISA test using ES Fasciola and 

Paramphistomum antigens were consistently higher than that detected by 

faecal analysis. This could be related to the development of antibodies 

much earlier than presence of eggs in faeces during the course of 

infection. ELISA is more clearly more sensitive than faecal examination 

because many animals with mature infections don't shed detectable 

numbers of eggs. The ability to diagnose and treat early is a big 

advantage of the ELISA because, it minimizes tissue damage in the 

infected animals caused by the immature flukes as they migrate through 

the liver. So early diagnosis of bovine Fasciolosis using antibody 

detection tests, especially during the prepatant periods makes ELISA for 

curbing the negative impact of infection on productivity and hence to 

avert huge economic losses (Sanchez - Andrade et al., 2000). However, 

our trends are not in agreement with Aliyu et al., (2014) in Nigeria. The 

reason for the differences in results is that they detected F.gigantica 

infection with antigen and monoclonal antibody of F. hepatica. So much 
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lower infection level was recorded with ELISA, as the two species might 

have dissimilarities in their antigenic epitopes. 

   The low sensitivity of coprological examination could be due to the 

presence of a large number of animals with low levels of infection, in the 

sampled group, and sampling animals that have recovered from 

infection(i.e. with no fluke present), but in which anti-fasciola antibodies 

are still circulating. However, sensitivity could be improved by increasing 

sample size. Charlier et al., (2008) found that increasing the amount of 

faeces analyzed from 4g to 10 g led to substantial improvement of 

sensitivity. However, when 10 g was used, the specificity was no longer 

100%. Previously, it was shown that the Se of coproscopy improved from 

69% to 90% when three serial samples (of 10g) of the same sample were 

used rather than a single sample (Raspsch et al., 2006).The apparent 

reduction in Sp is probably due to a combination of detecting light 

infections that were not picked up by the gold standard and the increase 

amount of debris under the coverslip, hampering the microscopial reading 

of the sample. So detection of Fasciolosis is hampered due to low 

sensitivity of methods, which cannot detect small numbers of ova in large 

volumes of ruminant faeces.    

    In Sudan, epidemiological studies on Fasciolosis are mostly based on 

faecal examination or inspection at slaughter house and few researchers 

have employed immune-serological methods. The prevalence of Fasciola 

gigantica infection as determined by coprological examination and meat 

inspection at abattoir was firstly reported by Karib, (1962), he reported 

26% prevalence in sheep and cattle at Kosti region (White Nile Province). 

Eisa (1963) reported 37% prevalence in the upper Nile region (now 

Republic of Southern Sudan). In Western Sudan, Sayda (2012) reported 

5.66% in cattle, 0.57% in goats and no infection was observed in sheep. 
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The highest infection rate was observed in cattle in the eastern part of 

Southern Darfur State (14.3%). Furthermore, Osman (2011) reported 

34.2% prevalence in the White Nile Province. The prevalence of 19.2% 

obtained in this study in Rabbak (White Nile Province) is much lower 

than 34.2% recorded by Osman (2011). This could be attributed to the 

small samples size; the current survey was limited to small area and did 

not cover all the seasons of the year.  

   In the current study, two Fasciola gigantica antigens (ES/SO) were 

applied to evaluate the diagnostic sensitivity and specificity of indirect 

ELISA for the diagnosis of F.gigantica infection as well as its prevalence 

rate in cattle and sheep. The results of indirect ELISA revealed that 

higher prevalence rate for diagnosis of bovine Fasciolosis was detected 

by ES Ag (30%) comparing with SO Ag (18.7%). High specificity 

(81.6%) was recorded when SO antigen was chosen in indirect ELISA for 

diagnosis of F.gigantica infection in cattle compared with 69% using ES 

antigen. Meanwhile, low sensitivities of 27.7% and 20% were shown in 

both ES and SO Fasciola antigens, respectively. 

   Twenty one out of ninety two sheep faecal samples examined were 

found positive with Fasciola gigantica with overall prevalence rate of 

22.8%. Moreover, the overall seroprevalence of Fasciola was 22.8% 

(21/92) and 20.6% (19/92) as assessed by Fasciola gigantica ES and SO 

antigens, respectively. In this study, we noted that the seroprevalence of 

Fasciola in sheep was found to be nearly the same as the coprological 

analysis. This result may indicate that the sheep᾿ s immune system did 

not respond adequately to the antigenic stimulus from migrating or 

immature flukes. Person and Allonby (1979) reported breed differences 

for F.hepatica infection. They reported that it may be due to general 

resistance of some breeds to parasitic infection which is genetically 
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controlled. Moreover, certain hosts do possess some immunity to 

infection /reinfection indicated that the parasite isn't altogether invincible. 

While many mammalian species can be infected with Fasciola, there is a 

wide variation in their ability to acquire resistance to reinfection. Sheep 

often die from acute Fasciolosis, while some infections can last as long as 

11 years (Pantelouris, 1965). However, there have been some reports of 

different levels of susceptibility of sheep with different genetic back 

grounds to liver fluke infection (Boyce et al., 1987). Most notably, 

Javanese thin-tailed sheep have been found to be highly resistant to 

infection with Fasciola gigantica (Wiedosari and Copeman, 1990; 

Roberts et al., 1997). 

   After contrasting data from indirect ELISA using both ES and SO 

Fasciola antigens versus faecal analysis, higher specificity for the 

diagnosis of F.gigantica in sheep was recorded using SO Ag (83%) 

(59/71) compared with ES Ag (78.9%). However, low sensitivity of 33% 

and 28.6% was determined when SO and ES antigens were used, 

respectively. So from these data results, we concluded that Indirect 

ELISA using both ES and SO Fasciola antigens in sheep and cattle was 

not sensitive, although it showed slightly high specificity. 

   To the contrary, some studies have reported high sensitivities and 

specificities of 87-100% and 86-100% of indirect ELISA, respectively as 

previously mentioned in literature review (Table 2.2). 

  The low sensitivity occurred in this study, because the presence of 

antibodies does not always correlate with the existence of active 

infection, it may just show exposure to parasite (Espino et al., 1998; 

Sanchez-Andrade et al., 2000). Furthermore, using polyclonal secondary 

antibody instead of monoclonal antibody increases the test sensitivity. 
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Also possible reasons for lower sensitivity and specificity in field 

situatations are the greater proportions of animal with low level of 

infection, the sampling of animals that have recovered from infection ( 

i.e. with no fluke present) but in which F.gigantica specific antibody are 

still circulating and the imperfect gold standard. In Sudan Osman (2011), 

in his study when using ES indirect ELISA the sensitivity was 80% and 

the specificity was 53% using postmortem examination as gold standard. 

On the other hand, he reported that 98 of 130 positive at postmortem were 

positive in sedimentation giving a sensitivity of 75%. By incision and 

inspection of opened major bile ducts, only 71% of all infected livers 

were detected and the remaining 29% were only detected after slicing and 

soaking of the livers (Charlier et al., 2008). Raspech et al., (2006) 

estimated the sensitivity of detecting infection with F. hepatica at meat 

inspection at the abattoir as 69%. Therefore, worm count at liver necropsy 

can only be considered as a gold standard if slicing and soaking of the 

liver is performed. However, we must admit that even very light or 

prepatent infections could still be missed, affecting the calculated 

Sensitivity and Specificity of the evaluated tests. On the other hand, crude 

Fasciola antigen in ELISA studies (Khalil et al., 1989 and Khalil et al., 

1990). The investigators gave a sensitivity of 66% and specificity of 84%. 

Later Hassen et al., (2004) reported an IgG ELISA of 61.11% sensitivity 

and 70% specificity. Vongpakorn et al., (2001) stated that ELISA was 

highly sensitive but gave low specificity. They showed that this method, 

using ES antigen, might not be suitable for the diagnosis of Fasciolosis as 

they showed cross reaction with many parasitic infections. The 

sensitivity, specificity, positive predictive value and negative predictive 

value were found to be 100%, 23.4%, 23.4% and 100%, respectively. 

Anderson et al., (1999) reported that positive and negative predictive 

value for ES antigen of F.gigantica with 72 sera samples of stool positive 



119 
 

and 20 sera of stool negative cattle were 91.2% and 58.3%. Fagbemi and 

Guobadia (1995) reported that the negative predictive value was 45.5%. 

They concluded that there was no correlation between the faecal egg and 

the adsorbance values in ELISA. Yagi et al., (1986) also found that 

primary infection with F.gigantica could cause cattle resistance with 

S.bovis. They showed that cross-reaction occurred among different 

species trematodes. 

   Another reason that may lead to low sensitivity in our test is that we use 

a total IgG. Isotype determination is also important. For example IgM 

antibodies peak early by week 3 in infected sheep and drop sharply by 

week 6 post infection; IgG antibodies peak by 4-5 weeks of infection but 

remain high thereafter (Chauvin et al., 1995). In contrast, Clery et al., 

(1996) found IgG1 to be the dominant isotype over IgM, IgG2 and IgA in 

both chronically infected and acutely infected, previously näive calves. 

Analysis of the isotypic responses of sera of Fascioliasis patients to liver 

fluke tegumental extract (Morales and Espino 2012) revealed that the 

predominant antibodies elicited are IgG1 and IgG4, which are the 

antibody serotypes that also predominate against execretory- secretory 

products, crude-whole worm extracts, and Cathepsin – L1 (Maher et al., 

1999; O᾿ Neill et al., 1998; Sabry et al., 2011 and Wongkham et al., 

2005). O᾿ Neill et al., (1998) developed a diagnostic test for human 

Fasciolosis based on the detection of antibodies to ES antigen or purified 

cathepsin L protease. The authors found that the assays were much 

improved by the used of conjugated second antibodies that detect IgG4 

rather than total antibodies. Morales and Espino (2012) in their study 

found that similar levels of both IgG antibodies, with mean level of IgG1 

levels slightly higher than those of IgG4. Differences regarding the 

relative amount of both antibody isotypes could be attributed to the 
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genetic background of the infected individuals and the intrinsic properties 

of the antigen itself. Moreover, the cytokines elicited by different 

antigens also play a role in determing the main subclass of the antibody 

response (Garraud et al., 2003). But generally the predominance of both 

antibody isotypes IgG1 and IgG4 are especially predominant in infections 

caused by F.gigantica (Wongkham et al., 2005) when antigenic exposure 

is chronic (Garraud et al., 2003). 

   The false negative results obtained from this study in both sheep and 

cattle may be due to modulation of the host immune response by liver 

flukes as reported by Anderson et al., (1999). Also for sheep and cattle 

that were negative on coprological examination and positive in indirect 

ELISA suggest that juvenile flukes may have been migrating through the 

liver parenchyma, but had not reached the bile duct so eggs could not be 

found in faeces (Rό driguez-Perez and Hillyer, 1995). Another 

explanation was previous exposture to infection (Espino et al., 1997; 

Sanchez-Andrade et al., 2000) and the animals were not infected at the 

time of sampling (Espino et al., 1998). 

   A remarkable observation occured in the current study is that the 

number of sheep and cattle found negative to Fasciola ES/SO indirect 

ELISA and positive to coprological examination was high. The results 

revealed that in sheep using both ES and SO Fasciola antigens 14 and 15 

sera out of 21 positive faecal samples, while in cattle 22 and 24 sera out 

of 30 positive faecal samples resulted negative, respectively. So failure to 

detect antibodies in sera from coprologically positive animals could be 

due to persistence of very low antibodies against F.gigantica at the time 

of sampling. Thammasart et al., (1995) found 47.6% false positive in the 

ELISA result for F. gigantica from 233 cattle sera using crude somatic 

antigen. Furthermore, Welch et al., (1987) recovered that 26% of animals 
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shedding fasciola ova were ELISA negative, and Hillyer et al., (1996) 

found seven animals as ELISA negative, which were positive in faecal 

examination. Antibodies to Fasciola sp. in infected hosts can be detected 

by Ab ELISA as early as one to two weeks post infection (Hillyer and De 

Galanes, 1991; Chauvin et al., 1995; Reichel, 2002; Kumar et al., 

2008).They rise rapidly reaching a blateau by 3-6 weeks of infection. On 

the other hand, egg excretion rates in infected calves' peak at 14-20 weeks 

then drop sharply thereafter and become egg negative by one year (De 

Léon et al., 1981). This decrease in eggs is presumably due to the death 

of adult flukes, and is also followed by a decrease in ELISA absorbance 

value (Hillyer et al., 1985). Variable results were also obtained in cattle. 

A significant increase in specific antibody titers was observed two weeks 

(Wyckoff and Bradley, 1986; Santiago and Hillyer, 1988) and six to 

eight weeks after infection in cattle (Hillyer et al., 1985). 

   Furthermore, although indirect ELISA providing early detection of 

infection, but there is some possibilities of cross reactivity with other 

trematodes antibodies leading to false-positive results (Levieux et al., 

1992; Hillyer et al., 1985; Hillyer and Soler, 1998). Another explanation 

of very low antibody titers against F.gigantica is that antigens and eggs 

liberated by adult flukes are carried out in the intestines with the bile 

juices which limit the immune stimulation and immunopathology induced 

by these. Consequently, antibody titers, measured in mice, rats, sheep and 

cattle were observed to decline, albeit slowly, after the parasites had enter 

the bile ducts (Hanna, 1980a; Meussen and Brandon, 1994; Clery et al., 

1996). 

   In cattle by using ES Fasciola gigantica antigen versus 

Paramphistomum faecal analysis, we observed that 17 sera out of 46 

positive faecal paramphistomum had positive values of Fasciola indirect 

ELISA. Similarily, in sheep considering both ES and SO Fasciola 
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antigens, 2 sera out of 13 positive paramphistomum faecal samples were 

positive to Fasciola gigantica. In addition, the serological indirect ELISA 

tests using both paramphistomum and Fasciola ES antigens showed that 

among the 61 Paramphistomum positive sera 26 sera were found positive 

for Fasciola. Similarly, the numbers of serologically positive Fasciola 

samples were 47. Among these positive samples 26 were found positive 

for Paramphistomum. Meanwhile, in sheep the results detected by 

serological indirect ELISA showed that among the 20 sera of positively 

ES Fasciola 4 sera were found positive for Paramphistomum. Similarly, 

among the 17 sera of positively SO Fasciola sera 8 were found positive 

for Paramphistomum. So from these results we concluded that cross 

reaction between Fasciola gigantica and Paramphistomum may occur. 

Many investigators have shown that immunological cross-reactivity 

exists between antigens of Fasciola, Schistosoma, Paragoniums and some 

other Paramphistomum spp. The immunological cross-reactivity between 

Fasciola and other parasite species may reduce the accuracy of 

immunodiagnostic assay for Fasciolosis. However, the utilization of 

monoclonal antibodies and pure fractions of parasitic extracts could 

participate in minimizing this drawback. Moreover, adoption of more 

sensitive techniques rather than conventional ones in diagnosis or 

detection of parasite antigen or its DNA, also share in eliminating cross-

reactivity in diagnosis assay. 

      In the present study, ES paramphistomum antigen was applied to 

evaluate the diagnostic sensitivity and specificity of indirect ELISA for 

the diagnosis of paramphistomiasis as well as its prevalence rate in cattle 

and sheep. As mentioned above, the prevalence reports of cattle 

paramphistomiasis based on indirect ELISA was higher than that detected 

by faecal analysis. However, twelve out of 87 sheep faecal samples 
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examined were found positive with Paramphistomum sp. with overall 

prevalence rate of 13.8% and overall seroprevalence of 11.5%. We noted 

that the seroprevalence of ovine Paramphistomiasis was not higher than 

the coprological examination. This may be due to general resistance of 

some type to parasitic infection which is genetically controlled as 

discussed above in ovine Fasciolosis. 

      The sensitivity of indirect ELISA in both cattle and sheep was found to be 

43.4% and 8.3%, whereas, the specificity was 62.7% and 88%, respectively. 

This result indicating that also indirect ELISA for detection of 

Paramphistomum spp. is more specific but not sensitive. Sanchis et al., (2012) 

recorded that ELISA sensitivity and specificity using secretory excretory 

antigen of Paramphistomum were 82 % and 79 % respectively. Also Hassan et 

al., (2005) recorded 82 % sensitivity of Paramphistomum somatic antigen but 

they recorded higher specificity of 90%. On the other hand, Shivjot et al., 

(2009) in their study showed higher sensitivity 85.71% and a lower specificity 

23.65% using somatic antigen of Paramphistomum and Tariq et al., (2011) 

who reported sensitivity of dot ELISA as 100 % for detection of 

Paramphistomum cervi antibodies in hyper immune rabbit using crude antigen 

of Paramphistomum. Salib et al., (2015) concluded that ELISA is more 

specific and accurate but less sensitive than western blotting for the diagnosis 

of Amphistomes infection in cattle and buffaloes. The sensitivity, specificity 

and accuracy for ELISA and western blotting were (74% and 100%), (82.4% 

and 33.3%) and (79.76% and 77.78%), respectively. False positive results may 

be attributed to migration of early immature larvae through the wall of small 

intestine, cross reactivity with antibodies from other infections especially 

trematodes as Fasciola gigantica and also may be due to treated cases Sanchis 

et al., (2012). On the contrary, false negative results may be attributed to low 

levels of specific IgG, variant Ig antibody expression and/or formation of 

circulating immune complexes. 
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Conclusion 

 

In summary the general conclusion of  SDS—PAGE analysis of 

execretory/seretory  and somatic products of adult Fasciola gigantica 

from sheep, goat and cattle showed the presence of several bands with 

lower molecular weight in the execretory/secretory product comparing 

with the somatic one. 

       The differences in the reported molecular weights of F.gigantica in 

the three different cattle type from different localities; sheep and goats 

from the same locality may be due to the existence of different isolates 

from different animals' species or geographical variation. 

  Indirect ELISA was carried out to evaluate its effectiveness in the 

imunodiagnosis of fasciolosis and Paramphistomiasis in sheep and cattle 

in area of Rabbak White Nile Province. It was concluded that indirect 

ELISA using both Fasciola ES/SO and Paramphistomum ES antigens in 

sheep and cattle was not sensitive, although it showed slightly high 

specificity.  

     The study showed that cross-reaction between Fasciola and 

Paramphistomum may occur which, may reduce the accuracy of 

immunodiagnosis of both worms. 
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Recommendation 

Suggestions for further work: 

1. The application of molecular technique for identification of DNA 

polymorphism of Sudanese liver flukes and further work is 

required to study The DNA sequence of the parasite. 

2. The immunogenic components of the ES and SO extracts identified 

in this study require further extensive research on isolation and 

purification e.g. purified antigen, recombinant antigen or synthetic 

antigen in order to improve the sensitivity and specificity of anti-

bodies indirect ELISA. 

3. To evaluate the antigen, further investigation should be performed 

by the detection subclass immunoglobulin. 

4. Immunoblotting analysis of F.gigantica ES/SO antigens and 

Paramphistomum ES antigens,  to determine the bands of Fasciola 

which are cross reacted with Paramphistomum and the band which 

is  specific for Fasciola diagnosis.  

 

 

   

 

 

 

 

 

 

 

 



126 
 

REFRENCES 

Aalberse, R.C., Van Der Gaag, R. and Van Leeuwen, J. (1983). 

Serologic  aspects of IgG4 antibodies. I. Prolonged immunization results 

in an IgG4-restricted response. Journal of Immunology, (130): 722–726.  

Abath, F.G. and Werkhauser, R.C. (1996). The tegument of 

Schistosoma mansoni: functional and immunological features. Parasite 

Immunology, (18): 15–20. 

Abdel-Rahman, E.H. and Abdel. Mageed, K.N. (2000). Molecular 

identity of major cross-reactive adult antigens in Fasciola gigantica, 

Toxocara vitulorum and Moniezia expansa. Journal of Egyptian Society 

of Parasitology, (30): 561 – 571. 

Abdel-Rahman, S.M., O᾿ Reilly, K.L. and Malone, J.B. (1999). 

Biochemical characterization and location of Fasciola hepatica 26-28 

kDa diagnostic coproantigen. Parasite Immunology, (21): 279-286. 

Dalimi, A., Hadighi, R. and Madani, R. (2004). Parially purified 

fraction (PPF) antigen from adult fasciola gigantic for the serodiagnosis 

of human fasciolosis using Dot-ELISA technique. Ann. Saudi. Med. 

24(1): 18-20. 

Acosta, D., Goni, F. and Carmona, C. (1998). Characterization and 

partial purification of a leucine aminopeptidase from Fasciola hepatica. 

Journal of Parasitology, (84): 1-7. 

Adachi, S., Kotani, K., Shimizu, T., Tanaka, K., Shimizu, T. and 

Okada, K. (2005). Asymtomatic fascioliasis. Int. Med. 44, 1013-1015. 

Adedokun, O.A.; Ayinmode, A.B. and Fagbemi, B.O. (2008a): A 

comparative study of three methods for detecting Fasciola infection in 

Nigerian cattle. Veterinarski Archiv. (78): 411- 416. 

Arjmand, A., Esmaeilnejad, B., Jalali, R.H.M., Chorbanpoor, M. and 

Froushani, A.M.S. (2014). Designing and evaluation of Dot-ELISA for 



127 
 

diagnosis of Fasciola infection in cattle. Veterinary Research Forum, 

5(2): 141-142. 

Agatsuma, T., Arakawa, Y., Iwagami, M., Honzako, Y., 

Cahyaningsih, U., Kang, S.Y. and Hong, S.J. (2000). Molecular 

evidence of natural hybridization between Fasciola hepatica and F. 

gigantica. Parasitol. Int. (49): 231-238. 

Ai, L., Chen, M.X., Alasaad, S., Elsheikha, H.M., Li, J., Li, H.L., Lin, 

R.Q., Zou, F.C., Zhu, X.Q. and Chen, J.X. (2011). Genetic 

characterization, species differentiation and detection of Fasciola spp. by 

molecular approaches. Parasit. Vectors, (4): 101.  

Ai, L., Dong, S.J., Zhang, WY., Elsheikha, HM., Mahmmod, YS., 

Lin, RQ., Yuan, ZG., Shi, Y.L., Huang, W.Y. and Zhu, X.Q. (2010). 

Specific PCR-based assays for the identification of Fasciola species: their 

development, evaluation and potential usefulness in prevalence surveys. 

Annals of Tropical  Medicine and Parasitology, (104): 65–72. 

Ai, L., Li, C., Elsheikha, H.M., Hong, SJ., Chen, J.X., Chen, S.H., Li, 

X., Cai, X.Q., Chen, M.X. and Zhu, X.Q. (2010). Rapid identification 

and differentiation of Fasciola hepatica and Fasciola gigantica by a 

loop-mediated isothermal amplification (LAMP) assay. Veterinary 

Parasitology, (174): 228–233. 

Ajanusi, O. J., Harrison, L. J. S. and Sewell, M. M. H. (1993). 

Transaction of the Royal Society of Tropical Medicine and Hygeine, (87): 

118-120.  

Alasaad, S., Soriguer, R.C., Abu-Madi, M., El Behairy, A., Baños, 

P.D. Píriz, A., Fickel, J. and Zhu, XQ. (2011). A fluorescence-based 

polymerase chain reaction-linked single-strand conformation 

polymorphism (F-PCR-SSCP) assay for the identification of Fasciola 

spp. Parasitology Research, (108): 1513–1517.  



128 
 

Alcala-Canto, Y., Ibarra-Velarde, F., Gracia-Mora, J. and Sumano-

Lopez, H. (2005). Fasciola hepatica proteolytic activity in liver revealed 

by in situ zymography. Parasitology Research, (96): 308-311. 

Ali, H., Ai, L., Song, H.Q., Ali, S., Lin, R.Q., Seyni, B., Issa, G. and 

Zhu, X.Q. (2008). Genetic characterisation of Fasciola samples from 

different host species and geographical localities revealed the existence of 

F. hepatica and F. gigantica in Niger. Parasitology Research, (102): 

1021-1024.  

Alicata, J.E. (1938). Observations on the life histoy of Fasciola 

gigantica, the common liver fluke of cattle in Hawaii, and the 

intermediate host, Fossaria ollula. Bulletin No 80 of the Hawaii 

Agricultural Experimental Station, Honolulu, pp1-22.  

Alicata, J.E. and Swanson, L.E. (1941). Observation on the longevity of 

the liver fluke, Fasciola gigantica, in cattle. American Journal of 

Veterinary Research, (1-2:417-418. 

Aliyu, A.A., Ajogi, I.A., Ajanusi, O.J. and Reuben, R.C. (2014). 

Epidemiological studies of Fasciola gigantica in cattle in Zaria, Nigeria 

using coprology and serology. Sch. J. Agric. Vet. Sci. (1): 13-19. 

Allam, A.F., El-Agamy, E.S.I. and Helmy, M.H. (2002). Molecular and 

immunological characterization of Fasciola species. British Journal of 

Biomedical Science, (59): 191-195.  

Allan, J.C., Valasquez-Tohom, Torres-Alvarez R., Yarrita, P. and 

Garcia-Noval, J. (1996). Filed trial of the Coproantigen – based 

diagnosis of Tanea solium taeniaisis by enzyme – linked immunosorbent 

assay. American Journal of Tropical Medical Hygiene, (54): 352-356.  

Almazán, C., Avila, G., Quiroz, H., Ibarra, F. and Ochoa, P. (2001). 

Effect of parasite burden on the detection of Fasciola hepatica antigens in 

sera and feces of experimentally infected sheep. Veterinary Parasitology, 

(97): 101-112. 



129 
 

Anderson, N., Luong, T.T., VO, N.G., Bui, K.L., Smooker, P.M. and 

Spithil, T.W. (1999). The sensitivity and specificity of two methods for 

detecting Fasciola infection in cattle. Veterinary Parasitology, (83): 15-

24.  

Anderson, N.G. and Anderson, N.L. (1996). Twenty years of two 

dimensional electrophoresis: past, present and future. Electrophoresis, 

(17): 443–453.  

Anderson, P.H., Berret, S. and Patterson, D.S.P. (1978). Resistance to 

fasciola hepatica in cattle 2. Biochemical and morphological 

observations. Journal of Comparative Pathology, (88): 245-251. 

Andrews, S.J. (1999). The life-cycle of Fasciola hepatica. In: Dalton JP, 

editor. Fasciolosis. CABI: Oxford, United Kingdom. pp. 1–29. 

Anon (1995). Control of foodborne trematode infections. WHO technical 

series No. 849. World Health Organization, Geneva, 157pp. 

Anuracpreeda, P., Wanichanon, C. and Sobhon, P. (2009). Fasciola 

gigantica: immunolocalization of 28.5 kDa antigen in the tegument of 

metacercaria and juvenile fluke. Experimental Parasitolology, (122): 75-

83. 

Anuracpreeda, P., Wanichanon, C., Chawengkirtikul, R., 

Chaithirayanon, K. and Sobhon, P. (2009). Fasciola gigantica: 

Immunodiagnosis of fasciolosis by detection of circulating 28.5 kDa 

tegumental antigen. Experimental  Parasitolology, (123): 334-340.  

Arafa, M.S., Abaza, S.M., El-Shewy, K.A., Mohareb, E.W. and El-

Moamly, A.A. (1999). Detection of Fasciola-specific excretory/secretory 

(E/S) protein fraction band (49.5 kDa) and its utilization in diagnosis of 

early fascioliasis using different diagnostic techniques. Journal of 

Egyptian Society of Parasitolology, 29(Suppl 3): 911-926.  

Arias, M., Hillyer, G.V., Sánchez-Andrade, R., Suárez, J.L., 

Pedreira, J., Lomba, C., Díaz, P., Morrondo, P., Díez-Baños, P. and 

http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Arias+M%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Hillyer+GV%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22S%C3%A1nchez-Andrade+R%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Su%C3%A1rez+JL%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Pedreira+J%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Lomba+C%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22D%C3%ADaz+P%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Morrondo+P%22
http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22D%C3%ADez-Ba%C3%B1os+P%22


131 
 

Paz-Silva, A. S. (2006). A 2.9 kDa Fasciola hepatica-recombinant protein 

based ELISA test for the detection of current-ovine fasciolosis trickle 

infected. Veterinary Parasitology, (137): 67–73. 

Arriage-de-Morilla, C., Paniagua, R., Ruiz-Navarrete, A., Bautista, 

C.R. and Morilla, A. (1989). Comparison of dot enzyme-linked 

immunosorbent assay (dot-ELISA), passive haemagglutination test (PHT) 

and thin layer immunoassay (TIA) in the diagnosis of natural or 

experimental fasciola hepatica infections in sheep. Veterinary 

Parasitology, (30): 197-203. 

Asanji, M. F. (1988). The snail intermediate host of Fasciola gigantica 

and the behavior of miracidia in host selection. Bulletin of Animal Health 

and Production in Africa, (36): 245-250.  

Ashrafi, K., Massoud, J., Holakouei, K., Mahmoodi, M., Joafshani 

M.A., Velero, M.A., Fuentes, M.V., Khoubbane, M., Artigas, P., 

Bargues, M.D. and Mas-Coma, S. (2004). Evidence suggesting that 

Fasciola gigantica may be the most prevalent causal agent of Fasciolosis 

in Northern Iran. Iranian Journal of Public Health, 33(4): 31-37. 

Ashrafi, K., Valero, M. A., Panova, M., Periago, M.V., Massoud, J. 

and Mas-Coma, S. (2006). Phenotypic analysis of adults of Fasciola 

hepatica, Fasciola gigantica and intermediate forms from the endemic 

region of Gilan, Iran. Parasitol. Int. (55): 249–260. 

Bargues, M. D., Vigo, M., Horak, P., Dvorak, J.,  Patzner, R. A.  and 

Pointier, J.P. (2001). European Lymnaeidae (Mollusca: Gastropoda), 

intermediate hosts of trematodiases, based on nuclear ribosomal DNA 

ITS-2 sequences. Infect. Genet. Evol. (1): 85–107. 

Bargues, M.D., and Mas-Coma, S.  (2005a). Reviewing lymnaeid 

vectors of fascioliasis byribosomal DNA sequence analyses. J. 

Helminthol. (79): 257–267. 

http://europepmc.org/search;jsessionid=l7ZERYSx6Ppj52weAuIu.4?page=1&query=AUTH:%22Paz-Silva+A%22


131 
 

Bargues, M.D., Funatsu, I.R., Oviedo, J.A. and Mas Coma, S. (1996). 

Natural water, an additional source for human infection by Fasciola 

hepatica in the northern Bolivian altiplano. In: Europea Multicolloquium 

of Parasitology (Parma), Abstracts, Parasitology, (38): 251. 

Behm, C.A. and Sangster, N.C. (1999). Pathology, pathophysiology and 

clinical aspects. In: Fasciolosis. (Dalton J.P. ed) CABI publishing, 

Wallingford, UK: 185-224 

Bennett, C. and Threadgold, L.T. (1973). Electron microscope studies 

of Fasciola hepatica XIII. Fine structure of the newly excysted juvenile. 

Experimental Parasitology, (34): 85-99. 

Berasain, P., Carmona, C., Frangione, B., Dalton, J. P. and Goni, F. 

(2000). Fasciola hepatica: parasite-secreted proteinases degrade all 

human IgG subclasses: determination of the specific cleavage sites and 

identification of the immunoglobulin fragments produced. Experimental 

Parasitology, (94): 99-110. 

Berasain, P., Goni, F., McGonigle, S., Dowd, A., Dalton, J. P., 

Frangione, B. and Carmona, C. (1997). Proteinases secreted by 

Fasciola hepatica degrade extracellular matrix and basement membrane 

components. Journal of Parasitology, (83): 1-5. 

Bergeon, P. and Laurent, M. (1970). Difference entre la morphologie 

testiculaire de Fasciola hepatica et Fasciola gigantica. Rev. Elev. Med. 

Vet. Pays Trop. (23): 223-227 

Bergquist, R., Johansen, M.V. and Utzinger, J. (2009). Diagnostic 

dilemmas in helminthology: what tools to use and when? Trends. 

Parasitol. 25(4): 151-156. 

Bernal, D., De la Rubia, J.E., Carrasco-Abad, A.M., Toledo, R., Mas-

Coma, S. and Marcilla, A. (2004). Identification of enolase as a 

plasminogen-binding protein in excretory-secretory products of Fasciola 

hepatica. FEBS Letters, (563): 203–206 



132 
 

Bida, S.A. and Schillhorn Van Veen, T.J. (1977). Enteric 

paramphistomiasis I Yankasa sheep. Tropical Animals Health Production, 

(9): 33-71. 

Biron, D.G., Moura, H., Marche, L., Hughes, A.L. and Thomas, F. 

(2005). Towards a new conceptual approach to parasitoproteomics. 

TRENDS in Parasitology, 21(4):162-168. 

Boray, J. C.  (1959). Studies on intestinal amphistomes in cattle 

Australlian Veterinary Journal, 35 (6): 282–287. 

Boray, J.C. (1965). Studies on the relative susceptibility of some 

lymnaeids to infection with Fasciola gigantica and Fasciola hepatica and 

on the adaptation of Fasciola spp. Annals of Tropical Medicine and 

Parasitology, (60): 114-124. 

Boray, J.C. (1969): Experimental fasciolosis in Australlia. Advances in 

Parasitology 7, 95-210. 

Boray, J.C. (1985). Flukes of domestic animals, In: Gaafar, S.M.; W.E. 

and Marsh, R.E. (eds) Parasites, Pests and Predators. Elsevier, New York, 

pp. 179-218.  

Bossaert, K., Jacquinet, E., Saunders, J.. Farnir, F. and Losson, B. 

(2000): Cell mediated immune response in calves to single-dose, trickle, 

and challenge infections with Fasciola hepatica. Veterinary Parasitology, 

(88): 17-34. 

Boyce, W.M., Countney, C.H. and Thibideau, M. (1986). Heterologus 

resistance to fasciola hepatica conferred upon rats by passive transfer of 

serum from different breeds of sheep. Veterinary Parasitology, (22): 259-

266. 

Boyce, W.M., Courtney, C.H. and Loggins, P.E. (1987). Resistance to 

experimental infection with Fasciola hepatica in exotic and domestic 

breeds of sheep. International Journal for Parasitology, (17): 1233-1237. 



133 
 

Bozas, S. E., Panaccio, M., Creaney, J., Dosen, M., Parsons, J. C., 

Vlasuk, G. V, Walker, I. D. and Spithill, T. W. (1995). 

Characterisation of a novel Kunitz-type molecule from the trematode 

Fasciola hepatica. Mol. Biochem. Parasitol. (74): 19-29. 

Brady, M. T., O'Neill, S. M., Dalton, J. P. and Mills, K. H. (1999b). 

Fasciola hepatica suppresses a protective Th1 response against 

Bordetella pertussis. Infect. Immun, (67): 5372- 5378. 

Brennan, G.P., Fairweather, I., Trudgett, A., Hoey, E., McCoy, 

McConville, M., Meaney M., Robinson, M., McFerran, N., Ryan, L., 

Lanusse, C., Mottier, L., Alvarez, L., Solana, H., Virkel, G. and 

Brophy, P.M. (2007). Understanding triclabendazole resistance. Exp. 

Mol. Pathol. (82): 104-109. 

Bruford, M. W., Cheesman, D. J., Coote, T., Green, H. A. A., Haines, 

S. A., O'Ryan, C. and Williams, T. (1996). Microsatellites and their 

application to conservation genetics. In Molecular genetic approaches in 

conservation (ed. T. B. Smith and R. K. Wayne), Oxford University 

Press, p. 278-297. 

Bürger, H.J. (1992). Helminthn, In: Veterinärmedizinische Parasitologie, 

Körting, W. (Ed.) 4
th

 (Ed.: Parey V.P.), Berlin: 174. 

Carmona, C., McGonigle, S., Dowd, A. J., Smith, A. M., Coughlan, 

S., McGrowan, E. and Dalton, J. P. (1994). A dipeptidylpeptidase 

secreted by Fasciola hepatica. Parasitology, (109): 113-118. 

Carmona, C., Smith, A., Dowd, A. and Dalton, J. P. (1992). A 

Fasciola hepatica cathepsin L proteinase prevents the adherence of 

eosinophils to newly excysted juveniles. Biochem. Soc. Trans. 20, 85S. 

Carnevale, S., Rodriguez, M.I., Guarnera, E.A., Carmona, C., Tanos, 

T. and Angel, S.O. (2001). Immunodiagnosis of fasciolosis using 

recombinant procathepsin L cystein proteinase. Diagnostic Microbiology 

and Infectious Diseas, (41): 43–49. 



134 
 

Carnevale, S., Rodríguez, M.I., Santillán G., Labbé J.H., Cabrera, 

M.G., Bellegarde, E.J.,Velásquez, J.N., Trgovcic, J.E. and Guarnera 

E.A. (2001a). Immunodiagnosis of human fascioliasis by an enzyme-

linked immunosorbent assay (ELISA) and a Micro-ELISA. Clin. Diagn. 

Lab. Immunol. (8): 174-177.  

Caron, Y., Lasri, S. and Losson, B. (2007). Fasciola hepatica: an 

assessment on the vectorial capacity of Radix labiata and R. balthica 

commonly found in Belgium. Veterinary Parasitolology, (149): 95–103.  

Cervi, L., Cejas, H. and Masih, D. T. (2001). Cytokines involved in the 

immunosuppressor period in experimental fasciolosis in rats. 

International Journal for Parasitology, (31): 1467-1473. 

Cervi, L., Rossi, G., Cejas, H. and Masih, D. T. (1998). Fasciola 

hepatica-induced immune suppression of spleen mononuclear cell 

proliferation: role of nitric oxide. Clinical Immunology and 

Immunopathology, (87): 145-154. 

Cervi, L., Rubinstein, H. and Masih, D. T. (1996). Involvement of 

excretion-secretion products from Fasciola hepatica inducing 

suppression of the cellular immune responses. Veterinary Parasitology 

(61): 97-111. 

Cervi, L.A., Rubinstein, H. and Masih, D.T. (1992). Serological, 

electrophoretic and biological properties of Fasciola hepatica antigens. 

Rev. Inst. Med. Trop. SaoPaulo. 34(6): 517-525. 

Chaithirayanon, K., Wanichanon, C., Vichasri-Grams, S., 

Ardseungneon, P., Grams, R., Viyanant, V., Upatham, E.S. and 

Sabhon, P. (2002). Production and characterization of monoclonal 

antibody against 2.5 KDa tegument antigen of Fasciola gigantica. Acta 

Trop. (4): 1-8 



135 
 

Chan, T., Thammasart, S. and Prasittirat, P. (1996). Fasciola 

gigantica: Identification of adult antigens, their tissue sources and 

possible origins. J. Sci. Soc. Thai. (22): 143-162.   

Charlier, J., Duchateau, L., Claerebout, E., Williams, D. and 

Vercruysse, J. (2007). Association between anti-Fasciola hepatica 

antibody levels in bulk-tank milk samples and production parameters in 

dairy herds. Preventive Veterinary Medicine, (78): 57-66. 

Charlier, J., Meulemeester De, L., Claerebout, E., Williams, D. and 

Vercruysse, J. (2008). Qualitative and quantitative evaluation of 

coprological and serological techniques for the diagnosis of fascioliasis in 

cattle. Veterinary Parasitology, (153): 44-51. 

Charmy, R.A, El-Kashef, H.S, ElGhorab, N.M. and Gad, H.S.M. 

(1979). Identification of surface tegumental antigens of Norman and 

irradiated schistosomula. J. Egypt .Soc. Parasitol. (27): 479–491.  

Chauke, E., Zephaniah, D., Joshua, M. and Dube, S. (2014). 

Characterization of Fasciola gigantica isolates from cattle from South-

Western Zimbabwe using RAPD-PCR. IOSR Journal of Agriculture and 

Veterinary Science, 7(2): 19-25.  

Chauvin, A.G., Bouvet, G. and Boulard, C. (1995). Humoral and 

cellular immune response to Fasciola hepatica experimental primary and 

secondary infection in sheep. International  Journal for  Parasitology, 

(25): 1227-1241.  

Chen, M.G. and Mott, K.E. (1990). Progress in assessment of morbidity 

due to Fasciola hepatica infection. Tropical Diseases Bulletin 87, R1-

R38. 

Chistiakov, D.A., Savost'anov, K.V., Turakulov, R.I., Efremov, I. A. 

and Demurov, L. M. (2006). Genetic analysis and functional evaluation 

of the C/T (-318) and A/G (-1661) polymorphisms of the CTLA-4 gene in 



136 
 

patients affected with Graves' disease. Clinical Immunology, 118(2-3): 

233-242.  

Clery, D., Torgerson, P.R. and Mulcahy, G. (1996). Immune response 

of chronically - infected adult cattle to Fasciola hepatica. Veterinary 

Parasitology, (62): 71-82. 

Cobbold, T.S., (1855). Description of a new trematode worm (Fasciola 

gigantica). Edinburgh N. Phil. J. N. S. (2): 262-266.  

Coles, G.C. and Stafford, K.A. (2001). Activity of oxyclozanide, 

nitroxynil, clorsulon and albendazole against adult triclabendazole-

resistant Fasciola hepatica. Veterinary Record, (148): 73-74. 

Coles, G.C., Rhodes, A.C. and Stafford, K.A, (2000). Activity of 

closantel against adult triclabendazole-resistant Fasciola hepatica. 

Veterinary Records, (146): 504. 

Conboy, G.A. and Stromberg, B. (1991). Hematology and clinical 

pathology of experimental Fascioloides magna infection in cattle and 

guinea pigs. Veterinary Parasitolology, (40): 241–255 

Conceiçao, M.A., Durao, R.M., Costa, I.H. and Correia da Costa, 

J.M. (2002). Evaluation of a simple sedimentation method (modified 

McMaster) for diagnosis of bovine fasciolosis. Veterinary Parasitolgy, 

(105): 337-343. 

Cordova, M., Herrera, P., Nopo, L., Bellatin, J., Naquira, C., Guerra, 

H. and Espinoza, J.R. (1997). Fasciola hepatica cysteine proteinases: 

immunodominant antigens in human fascioliasis. American Journal of 

Tropical Medicine Hygeine, (57): 660-666. 

Cornelissen, J.B., Boersema, W.J., Gaasenbeek, C.P., Boersma, W., 

Borgsteede, F.H.M. and VanMilligen, F.J. (1999). Use of pre-selected 

epitope cathepsin –L1 in a highly specific peptide-based immunoassay 

for the diagnosis of Fasciola hepatica infection in cattle. International 

Journal of Parasitology, (29): 685 - 696. 



137 
 

Cornelissen, J.B., Deleew, W.A. and Hejden, P.J. (1992). Comparison 

of an indirect haemagglutination assay and an ELISA for diagnosis of 

Fasciola hepatica in experimentally and naturally infected sheep. 

Veterinary Quarterly, 14(4): 152- 156 

Cornelissen, J.B., Gaasenbeek, C.P., Borgsteede, F.H., Holland, 

W.G., Harmsen, M.M. and Boersema, W.J. (2001). Early 

immunodiagnosis of fascioliasis in ruminants using recombinant Fasciola 

hepatica cathepsin L-like protease. International Journal for Parasitology, 

(31): 728-737.  

Creaney, J., Spithill, T.W., Thompson, C.M., Wilson, L.R., 

Sandeman, R.M. and Parsons, J.C. (1995). Attempted immunization of 

sheep against Fasciola hepatica using γ-irradiated metacercariae. 

International Journal for Parasitology, (25): 853-856. 

Creaney, J., Wilson, L., Dosen, M., Sandeman, R. M., Spithill, T. W. 

and Parsons, J. C. (1996). Fasciola hepatica: irradiation-induced 

alterations in carbohydrate and cathepsin-B protease expression in newly 

excysted juvenile liver fluke. Experimental Parasitology, (83): 202-215. 

Dalimi, A., Hadighi, R. and Madani, R. (2004). Partially purified 

fraction (PPF) antigen from adult Fasciola gigantica for the 

serodiagnosis of human fascioliasis using Dot-ELISA technique. Ann. 

Saudi. Med. (24): 18-20.  

Dalton, J. P. and Heffernan, M. (1989). Thiol proteases released in 

vitro by Fasciola hepatica. Mol. Biochem. Parasitol. (35): 161-166. 

Dalton, J. P. and Mulcahy, G. (2001). Parasite vaccines--a reality? 

Veterinary Parasitology, (98): 149-167. 

Dalton, J. P., Clough, K. A., Jones, M. K. and Brindley, P. J. (1997). 

The cysteine proteinases of Schistosoma mansoni cercariae. Parasitology, 

(114): 105-112. 



138 
 

Dalton, J. P., Clough, K. A., Jones, M. K. and Brindley, P. J. (1996a). 

Characterization of the cathepsin-like cysteine proteinases of Schistosoma 

mansoni. Infection and Immunity, (64): 1328-1334. 

Dalton, J.P. and Joyce, P. (1987). Characterization surface 

glycoproteins and proteins of different developmental stages of Fasciola 

hepatica by surface radiolabeling. Journal of Parasitology, (73): 1281-

1284. 

Dalton, J.P., Skelly, D. and Halton, D.W. (2004). Role of the 

tegumental and gut in nutrient uptake by parasitic platyhelminths. 

Candian Journal of Zoology, (82): 211-232. 

Dar, Y., Vignoles, P., Rondelaud, D. and Dreyfuss, G. (2002). F. 

gigantica: the growth and larval productivity of redial generations in the 

snail L. truncatula. Parasitol. Res. 88(4): 364-367. 

Dar, Y., Vignoles, P., Rondelaud, D. and Dreyfuss, G. (2003). F. 

gigantica: larval productivity of three different miracidial isolates in the 

snail L. truncatula. J. Helminth. 77(1): 11-14. 

Dar, Y., Vignoles, P., Rondelaud, D. and Dreyfuss, G. (2004). Larval 

productivity of F.gigantica in two lymnaeid snails. J. Helminth. 78(3): 

215-218. 

Dargie J.D. (1987). Trematode infections in sheep and cattle: effects on 

productivity and metabolism. In: W.H.D. Leaning, J. Guerrero (Editors), 

the Economic Impact of Parasitism in Cattle. Proceedings of MSD 

AGVET Symposium, 22 World Veterinary Congress, Montreal, 

(Canada), pp. 35-43 

Dawes, B. and Hughes, D.L. (1964). Fascioliasis: the invasive stages of 

Fasciola hepatica in mammalian hosts. Advances in Parasitology, (2): 97-

168. 

De Almeida, M.A., Ferreira, M.B., Planchart, S., Terashima, A., 

Maco, V., Marcos, L., Gotuzzo, E., Sánchez, E., Náquira, C.,   Scorza, 



139 
 

J.V. and Incani, R.N. (2007). Preliminary antigenic characterisation of 

an adult worm vomit preparation of Fasciola hepatica by infected human 

sera. Rev. Inst. Med. Trop. SaoPaulo. (49): 31-35. 

De Leon, D. and Quinons, R. (1981). The prepatent and patent periods 

of fasciola hepatica in mammalian hosts. Advances in Parasitology, (2): 

97-168. 

De, N.V., Nguyen, V.C., Dang, T.C.T., Nguyen, D.H., Le, K.T. and 

Trieu, N.T. (2005). Therapeutic efficacy of triclabendazole in treatment 

of human fascioliasis in Vietnam. J. Mal. Par. Dis. Cont. (6): 54-62. (in 

Vietnamese). 

Demerdash, Z.A, Diab, T.M, Aly, I.R., Mohamed, S.H., Mohamed, 

F.S., Zoheiry, M., Mansour, W.A., Attia, M.E. and El-Bassiouny, A.E. 

(2011). Diagnostic efficacy of monoclonal antibody based sandwich 

enzyme linked immunosorbent assay (ELISA) for detection of Fasciola 

gigantica excretory/secretory antigens in both serum and stool. Parasites 

& Vectors, (4): 176. 

Despommier, D. D. and Karapelou, J. W. (1987). Parasite Life Cycles, 

Springer-Verlag, New York. Development of vaccines against Fasciola 

hepatica. CAB International, Oxon, 1999. 377–410.  

Diaw, O.T., Seye, M.M., Seye, M.. Sarr, Y. and Vassiliades, G. (1994): 

L᾿ immunodiagnosis de la fasciolose a Fasciola gigantica par la 

technique ELISA au Senegal. Observations preliminaries chez deux 

ageaux. Revue Elevage Medicine Veterinire Pays Tropicaux, (47): 291-

194. 

Dinnik, J.A. and Dinnik, N, N. (1956). Observation on the succession of 

redial generations of Fasciola gigantica Cobbold in a snail host. 

Zeitschrift fur Tropenme dizin und Parasitologie, (7): 397-419.  



141 
 

Dinnik, J.A. and Dinnik, N.N. (1959). Effect of seasonal variations of 

temperature on the development of Fasciola gigantica eggs in the Kenya 

highlands. Bulletin of Epizootic Diseases of Africa, (7): 357-369. 

Dixit, A.K., Yadav, S.C. and Sharma, R.L. (2002). 28 kDa Fasciola 

gigantica cysteine proteinase in the diagnosis of prepatent ovine 

fasciolosis. Veterinary Parasitolology, (109): 233-247.  

Dixit, A.K., Yadav, S.C., Mohini Saini and Saxena, R.L. (2003). 

Purification and characterization of 28 kDa cysteine proteinase for 

immunodiagnosis of tropical fasciolosis. Journal of Veterinary 

Parasitolology, (17): 5-9.  

Dixon, K.E. (1965). The structure and histochemistry of the cyst wall of 

the metacercariae of Fasciola hepatica. Parasitology, (55): 215-212. 

Dolores Bernal, Jose Enrique de la Rubia, Ana M. Carrasco-Abad, 

Rafael Toledo, Santiago Mas-Coma, Antonio Marcilla. (2004). 

Identification of enolase as a plasminogen-binding protein in excretory-

secretory products of Fasciola hepatica. FEBS Lett. (563): 203–206. 

Dorchies, Ph. (2007). Comparison of methods for the Veterinary 

diagnosis of liver flukes (Fasciola hepatica) in cattle. Bulletin USAMV-

CN. (64): 1-2. 

Doren, G., Galdames, M. and Silva, R. (1958). Algunas cosideracions 

sobre el rendimiento de las tecnicas de diagnostic de enteroparasitosis. 

Boletin Chileno de Parasitologia, (13): 42-44. 

Dorsman, W. (1962). Contribution to the control of fasciolosis. 

Waeningen: Pudoc. Pp. 84-100. 

Dreyfuss, G. and Rondelaud, D. (1994). Comparative study of cercarial 

shedding by Lymnaea tomentosa pfeiffer infected with either Fasciola 

gigantica Cobbold or F.hepatica Linne. Bulletin de la Societe Francaise 

de Parasitologie, (12): 43-54. 



141 
 

Dreyfuss, G. and Rondelaud, D. (1997). Fasciola gigantica and 

F.hepatica: a comparative study of some characteristic of Fasciola 

infection in Lymnaea truncatula infected by either of the two trematodes. 

Veterinary Research, (28): 123-130. 

Duffus, W.P.H. and Franks, D. (1981). The interaction in vitro between 

bovine immunoglobulin and Juvenile Fasciola hepatica. Parasitology, 

(82): 1-10. 

Dumenigo, B., Espino, A. and Finlay, C. (1996). Detection of Fasciola 

hepatica antigens in cattle feces by a monoclonal antibody-based 

sandwich immunoassay. Research of Veterinary Science, (60): 278-279.  

Dunn, A. M. (1978). Veterinary Helminthology. 2nd Ed. Butler and 

Tanner, Ltd. London, UK. 15-159. 

Duwel, V.D. and Resenleiter, R. (1990). Fasciola hepatica: 

Koproskopische Diagnotik im Vergleich zur Wurmburde bei Schaf und 

Rind. Angewandle Parasitologie, (31): 211-217. 

Eisa, A.M. (1963). Incidence of parasites in bovine livers. Journal of 

Veterinary Science and Animal husbandry, 4(2): 72-76. 

El Amir, A., Rabee, I., Kamal, N. and El Deeb, S. (2008).  Evaluation 

of the diagnostic potential of different immunological techniques using 

polyclonal antibodies against Fascicla gigantica excretory/secretory 

antigens in sheep. Egyptian Journal of Immunology, (15): 65-74. 

El Ridi, R., Salah, M.,Wagih, A., William, H., Tallima, H., El Shafie, 

M.H., Abdel Khalek, T., El Amir, A., Abo Ammou, F.F. and Motawi, 

H. (2007). Fasciola gigantica excretory-secretory products for 

immunodiagnosis and prevention of sheep fasciolosis. Veterinary 

Parasitology, (149): 219-228. 

EL-Azazy, O.M.E. and Schillhorn van veen, T.W. (1983). Animal 

Fascioliasis and Schistosomiasis in Eygpt and Sudan. Helminthological 

Abstracts, Series A, (52): 421-428. 

http://europepmc.org/search?page=1&query=AUTH:%22El+Deeb+S%22


142 
 

El-Rahimy, H.H., Mahgoub, A.M.A., El-Gebaly, N.S.M., Mousa, 

W.M.A., Antably, A.S.A.E. (2012). Molecular, biochemical, and 

morphometric characterization of Fasciola species potentially causing 

zoonotic disease in Egypt. Parasitology Research, (111): 1103–1111. 

El-shazly, A. M., Handousagabr, A. E., Morsyramadan, A. T. and 

Morsy, T. A. (2002). Evaluation of two serological tests in diagnosis of 

human cases of biliary and ectopic fascioliasis. J. Egypt Soc. Parasitol., 

(32): 79-90. 

Esclaire, F., Audousset, J.C., Rondelaud, D. and Dreyfuss, G. (1989). 

Les metacercaires "Flottantes" de Fasciola hepatica L. apropos de 

quelques observations sur leur structure et leurs variations numeriques au 

couyrs d᾿  une infestation experimentale chez Lymnaea truncatula 

Muller. Bulletein de la Societe Francaise de Parasitologie, (7): 225-228. 

Espino, A. M., Marcet, R. and Finlay, C. M. (1990). Detection of 

circulating excretory secretory antigens in human fascioliasis by 

sandwich enzyme-linked immunosorbent assay. Journal of Clinical 

Microbiology, (28): 2637-2640. 

Espino, A.M., Borges, A. and Dumenigo, B.E. (2000). Coproantigen of 

Fasciola hepatica that are potentially useful for the diagnosis of 

fascoliasis. American Journal of Public Health, (7): 225-231. 

Espino, A.M., Millan, J.C. and Finlay, C.M. (1992). Detection of 

antibodies and circulating excretory secretory antigens for assessing cure 

of patients with fascioliasis. Trans. R. Soc. Trop. Med. (86): 649-653.  

Espino, A.M., Seuret, N, Escobar, L. and Duménigo, B.E. (1993). 

Identification and isolation of common antigens of Fasciola hepatica. 

Revista Cubana de Medicina Tropical, 45(1): 20-26. 

Esteban, J.G., Bargues, M.D. and Mas-Coma, S. (1998). Geographical 

distribution, diagnosis and treatment of human fascioliasis: a review. Res. 

Rev. Parasitol. (58): 13-42. 



143 
 

Esteban, J.G., Gonzalez, C., Bargues, M.D., Angles, R., Sanchez, C., 

Naquira, C. and Mas- Coma, S. (2002). High fascioliasis infection in 

children linked to a man-made irrigation zone in Peru. Trop. Med. Int. 

Health. (7): 339-348. 

Estes, D. M. Closser, N.M. and Allen, G.K. (1994). IFN-γ stimulates 

IgG2 production from bovine B cells costimulated with anti-µ and 

mitogen. Cellular Immunology, (154): 287-295. 

Estuningsih, E.S., Widjayanti, S., Adiwinata, G. and Piedrafita, D. 

(2004). Detection of coproantigens by sandwich ELISA in sheep 

experimentally infected with Fasciola gigantica. Trop Biomed  21(Suppl 

2): 51-56. 

Fabiyi, J.P. (1987). Production losses and control of helminths in 

ruminants of tropical regions. International Journal for Parasitology, (17): 

435-442. 

Fagbemi, B.O. (1995). Development and characterization of a 

monoclonal antibody reactive with a 28 kDa protease of Fasciola 

giganticaVeterinary Parasitology,  57(4):  351-356. 

Fagbemi, B.O. and Guobadia, E.E. (1995). Immunodiagnosis of 

fasciolosis in ruminants using a 28-kDa cysteine protease of Fasciola 

gigantica adult worms. Veterinary Parasitology, (57): 309-18. 

Fagbemi, B.O. and Hillyer, G.V. (1992). The purification and 

characterization of a cysteine protease of Fasciola gigantica adult worms. 

Veterinary Parasitology, (43): 223-232. 

Fagbemi, B.O., Aderibigbe, O.A. and Guobadia, E.E. (1999).The use 

of monoclonal antibody for the immunodiagnosis of Fasciola gigantica 

infection in cattle. Veterinary Parasitology, (69): 231-240.  

Fairweather, I. (2005). Triclabendazole: new skills to unravel and old 

(ish) enigma. Helminthol. (79): 227-234. 

http://www.sciencedirect.com/science/article/pii/0304401794006856#%21
http://www.sciencedirect.com/science/journal/03044017
http://www.sciencedirect.com/science/journal/03044017/57/4


144 
 

Fairweather, I. and Boray, J.C. (1999). Fasciolicides: efficacy, action, 

resistance and its management. Veterinary Journal, (158): 81-112. 

Fairweather, I., Threadgold, L. T. and Hanna, R. E. B. (1999). 

Development of Fasciola hepatica in the mammalian host. In Fasiolosis., 

J. P. Dalton, ed. (Wallingford, UK, CABI Publishing), pp. 47-112. 

Farag, H. F., Salem, A., Khalil, S. S. and Farahat, A.  (1993). Studies 

on human fascioliasis in Egypt. 1- Seasonality of transmission. J. Egypt. 

Soc. Parasitol. (23): 331–340. 

Farag, H.F. and Sayad, E.l. (1995). Biomphalaria alexandrina naturally 

infected with Fasciola gigantica in Egypt. Transactions of the Royal  

Society of Tropical Medicine and Hygiene, (89): 36. 

Farag, M. A., Al-Sukayran, A., Mazloum, K. S. and Al-Bukomy, A. 

M. (1998). Epizootics of bovine ephemeral fever on dairy farms in Saudi 

Arabia. Rev. Sci. Tech. 17(3): 713-22.  

Faragalla, M., El-Moghazy and Abdel-Rahman H. E. (2012). Cross-

Reaction as a Common Phenomenon among Tissue Parasites in Farm 

Animals. Global Veterinaria, 8 (4): 367-373. 

Farghaly, A.M., Nada, S.M.M., Eman, W.A., Mattar, M.A., 

Mohamed, S.M.A., Sharaf, E.M. and EL-Gamal, R.L. (2009). Role of 

Fast-ELISA and Western Blot in diagnosis of human Fascioliasis using 

crude adult worm and execretory/secretory Fasciola antigens 

Parasitologists United Journal (PUJ) 2(1): 55-56. 

Fletcher, H.L., Hoey, E.M., Orr, N., Trudgett, A., Fairweather, I. and 

Robinson, M.W. (2004). The occurrence and significance of triploidy in 

the liver flike, Fasciola hepatica. Parasitology, (128): 69-72.  

Fredes, F., Gorman, T., Silva, M. and Alcaino, H. (1997). Diagnostic 

evaluation of chromatographic fractions of Fasciola hepatica using 

Western Blot and ELISA in infected animals. Archivos de Med. Vet. 

(29): 283-294.  



145 
 

Gaasenbeek, C.P.H., Moll, L., Cornelissen, J.B.W.J., Vellema, P. and 

Borgsteede, F.H.M. (2001). An experimental study on triclabendazole 

resistance of Fasciola hepatica in sheep. Veterinary Parasitology, (95): 

37-43.  

Garraud, O., Perraut, R., Riveau, G. and Nutman, T.B. (2003). Class 

and subclass selection in parasite-specific antibody responses. Trends 

Parasitol. (19): 300–304 

Gaudier, J.F., Caban-Hernandez, K., Osuna, A. and Espino, A.M. 

(2012). Biochemical characterization and differential expression of a 

16.5-kilodalton tegument-associated antigen from the liver fluke Fasciola 

hepatica. Clin. Vaccine Immunol. (19): 325-333.   

Ghendler, Y., Arnon, R. and Fishelson, Z. (1994). Schistosoma 

mansoni: isolation and characterization of Smpi56, a novel serine 

protease inhibitor. Experimental Parasitology, (78): 121-131. 

Golden, O., Flynn, R.J., Read, C., Sekiya, M., Donnelly, S.M., Stack, 

C., Dalton, J.P. and Mulcahy, G. (2010). Protection of cattle against a 

natural infection of Fasciola hepatica by vaccination with recombinant 

cathepsin L1 (rFhCL1).Vaccine, (28): 5551-5557. 

Gönen, B., Sarimehmetoðlu, H.O., Koro, M. and Kiracali, F. (2004). 

Comparison of crude and excretory/secretory antigens for the diagnosis of 

Fasciola hepatica in sheep by western blotting. Turkish Journal of 

Veterinary and Animal Science, (28): 943-949.  

Goose, J. (1978). Possible role of excretory/secretory products in evasion 

of host defences by Fasciola hepatica. Nature, (275): 216-217. 

Goreish, I.A., Abdelsalam, E.B., Tartour, G., Abbas, B., and Aradaib, 

I.E. (1988). The effect of levamisol treatment on the susceptibility to 

Fasciola gigantica infection in goats. Rev. Med. Pays Trop. 41(3): 283-

287. 



146 
 

Goreish, I.A., Williams, D.J., Mc Garry, J., Abdel Salam, E.B., 

A/Majid, A.M. and Mukhtar, M.M. (2008). Protein profile of Fasciola 

gigantic antigens. The Sudan Journal of Veterinary Research, (23): 1-9. 

Goubadia, E.E. and Fagbemi, B.O. (1997). The isolation of Fasciola 

gigantica specific antigens and their use in serodiagnosis of fasciolosis in 

sheep by detection of circulating antigens. Veterinary Parasitology, (68): 

269-282.  

Graczyk, T.K. and Fried, B.  (1999). Development of Fasciola hepatica 

in the intermediate host. In: Dalton (Ed.), Fasciolosis, CAB International 

Publishing, Wallingford, United Kingdom, 31–46.  

Grigoryan, G.A. (1958). Experimental study of Fasciola gigantica 

infestation in sheep. Trudy Armyansk Inst zhivotnovod Vekrinariya, (3): 

155-168. 

Guobadia, E.E. and Fagbemi, B.O. (1995). Time-course analysis of 

antibody response by EITB, and ELISA before and after chemotherapy in 

sheep infected with Fasciola hepatica. Veterinary Parasitology, (58): 

247-253. 

Gupta, P. K and Varshney, R. K. (2000). The development and use of 

microsatellite markers for genetic analysis and plant breeding with 

emphasis on bread wheat. Euphytica, (113):163–185. 

Gupta, P. P., Singh, B. and Dutt, S. C. (1978). A note on 

amphistomiasis in an adult buffalo. The Indian Veterinary Journal, (55): 

491–492.  

Gupta, S.C., Ghosh, S., Joseph, D. and Singh, B.P. (2003). Diagnosis 

of experimental Fasciola gigantica in cattle by affinity purified antigen. 

Indian Journal of Animal Science, (7): 963-966.  

Guralp, N., Ozcan, C. and Simms, B.T. (1964). Fasciola gigantica and 

Fasciolosis in Turkey. American Journal of Veterinary Research, (25): 

196-210. 

https://scholar.google.com/scholar_lookup?title=A+note+on+amphistomiasis+in+an+adult+buffalo&publication+year=1978&author=Gupta+P.+P.&author=Singh+B.&author=Dutt+S.+C.&journal=The+Indian+Veterinary+Journal&volume=55&pages=491-492


147 
 

Gur-Arie, R., Cohen, C. J., Eitan, Y., Shelef, L., Hallerman, E. M. 

and Kashi, Y. (2000).Simple sequence repeats in Escherichia coli: 

abundance, distribution, composition, and polymorphism. Genome Res. 

10 (1): 62-71. 

Hacariz, O., Sayers, G. and Baykal, A.T. (2012). A proteomic approach 

to investigate the distribution and abundance of surface and internal 

Fasciola hepatica proteins during the chronic stage of natural liver fluke 

infection in cattle. J. Proteome Res. (11): 3592–3604. 

Hacariz, O., Sayers, G. and Mulcahy, G. (2011). A preliminary study 

to understand the effect of Fasciola hepatica tegument on naive 

macrophages and humoral responses in an ovine model. Veterinary 

Immunology and Immunopathology, (139): 245–249. 

Hafeez, M.D. (2003). Helminth parasites of public health importance 

trematodes. J. Parasitol. Dis. (27): 69-75. 

Hamada, H., Petrino, M. G. and Kakunaga, T. (1982). A novel 

repeated element with ZDNA- forming potential is widely found in 

evolutionarily diverse eukaryotic genomes. Proc. Natl. Acad. Sci. USA., 

(79): 6465–6469. 

Hammond, J.A. (1972). Infection with Fasciola spp. in wildlife in 

Africa. Tropical Animal Health and production, (4): 1-13. 

Hammond, J.A. (1974). Human infection with the liver fluke Fasciola 

gigantica. Transactions of the Royal Society for Tropical Medicine and 

Hygiene, (6): 253-254. 

Hammond, J.A. and Sewell, M.M.H. (1974). The pathogenic effect of 

experimental infections with Fasciola gigantica in cattle. British 

Veterinary Journal, (130): 453-464. 

Hammond, J.A. and Sewell, M.M.H. (1975). Experimental infections of 

cattle with Fasciola gigantica: numbers of parasites recovered after 



148 
 

varying periods of infection. Tropical Animal Health and Production, (7):                                                                

105-113. 

Hanna, R. E. and Jura, W. (1977). Antibody response of calves to a 

single infection of Fasciola gigantica determined by an indirect 

fluorescent antibody technique. Research in Veterinary Science, (22): 

339-342. 

Hanna, R.E. and Trudgett, A.G. (1983). Fasciola hepatica: 

development of monoclonal antibodies and their use to characterize a 

glycocalyx antigen in migrating fluke. Parasite Immunology, (5): 409-

425. 

Hanna, R.E.B. (1980a). Fasciola hepatica glycocalyx replacement in the 

juvenile as a possible mechanism for protection against host immunity. 

Experimental Parasitology, (50): 155-170. 

Hanna, R.E.B., Williamson, D.S., Mattison, R.G. and Nizami, W.A. 

(1988). Seasonal reproduction in Paramphistomum epiclitum and 

Gastrothylax crumenifer, rumen paramphistomes of the Indian water 

buffalo, and comparison with the biliary paramphistome Gigantocotyle 

explanatum. International Journal for Parasitology, (18): 513–521. 

Happich, F.A. and Boray, J.C. (1969). Quantitative diagnosis of chronic 

fascioliasis 1. Comparative studies of quantitative faecal examination for 

chronic Fasciola hepatica infection in sheep by faecal egg counts. 

Australian Veterinary Journal, (54): 326-328. 

Haroun, E T.M. and Hillyer, G. V. (1986). Resistance to fasciolosis a 

review. Veterinary Parasitology, (20): 63-69.  

Haroun, E.M. (1975). Studies on bovine Fascioliasis in the Sudan with 

particular reference to the White Nile Province. M.V.Sc. Thesis 

University of Khartoum. 



149 
 

Haroun, E.M. and Hillyer C.V. (1988). Cross-resistance between 

Schistosma mansoni and Fasciola hepatica in sheep. Journal of 

Parasitology, (74): 790-795. 

Haroun, E.M. and Hussein, M.F. (1975). Clinico-pathological studies 

in naturally-occurring bovine Fascioliasis in the Sudan. Journal of 

Helminthology, (49): 134-152.  

Hassan, M.M., Abaza, B.E., El-Karamany, I., Dyab, A.K., El 

Sharkawy, E.M. and Ismail, F. et al. (2004). Detection of anti-Fasciola 

isotypes among patients with fascioliasis before and after treatment with 

Mirazid. Journal of Egyptian Society of Parasitology, 34(3): 857-864. 

Hassan, S.S., Kaur, K., Joshi, K. and Juyal, P.D. (2005). Epidemiology 

of paramphistomosis in domestic ruminants in different districts of 

Punjab and other adjoining areas. Journal of Veterinary Parasitology, 

(19): 43–46.  

Hawthorne, S. J., Pagano, M., Halton, D. W. and Walker, B. (2000). 

Partial characterization of a novel cathepsin L-like protease from 

Fasciola hepatica. Biochem. Biophys. Res. Commun. (277): 79-82. 

Heussler, V., Kaufmann, H., Strahm, D., Liz, J. and Dobbelaere, D. 

(1993). DNA probes for the detection of Fasciola hepatica in snails. Mol 

Cell Probes. (7): 261–267.  

Hillyer, G. V. and De Galanes, M.S. (1988). Identification of a 17-

KDFasciola hepatica Immunodiagnostic Antigen by the Enzyme-Linked 

ImmunoelectrotransferBlot technique. Journal of Clinical Microbiology, 

26(10): 2048-2053.  

Hillyer, G. V. and De Galanes, M.S. (1999). Seroepidemiology of 

Schistosomiasis in Puerto Rico: Evidence for vanishing endemicity.Am. 

J. Trop. Med. Hyg., 60(5), 1999, pp. 827–830 



151 
 

Hillyer, G.V. (1985). Induction of immunity in mice to Fasciola hepatica 

with a Fasciola/Schistosome cross-reactive defined immunity antigen. 

American Journal of Tropical Medicine Hygiene, (34): 1127-1131. 

Hillyer, G.V. (1999). Immunodiagnosis of human and animal fasciolosis. 

In Fasciolosis. Edited by: Dalton JP. CABI Publishing, Oxon, U.K.:435-

447. 

Hillyer, G.V. and Serrano, A.E. (1983). The antigens of Paragonimus 

westermani, Schistosoma mansoni and Fasciola hepatica adult worms. 

Evidence for the presence of cross-reactive antigens and for cross-

protection in Schistosoma mansoni infection using antigens of 

Paragonimus westermani. American Journal of Tropical Medicine 

Hygiene, (32): 350-358. 

Hillyer, G.V., De Galanes, M.S., Buchon, P. and Bjorland, J. (1996). 

Herd evaluation by enzyme-linked immunosorbent assay for the 

determination of Fasciola hepatica infection in sheep and cattle from the 

Altiplano of Bolivia. Veterinary Parasitology, (61): 211–220. 

Hillyer, G.V., Haroun, E.M., Herenandez, A. and De Galanes, M.S. 

(1987). Acquired resistance to Fasciola hepatica in cattle using a purified 

adult worm antigen. American Journal of Tropical Medicine and 

Hygiene, (37): 363-369. 

Hillyer, G.V., Sanchez, Z., and De Leon, D. (1985). Immunodiagnosis 

of bovine fasciolosis by enzyme-linked immunosorbent assay and 

immunoprecipitation methods. Journal Parasitology, (71): 449-454. 

Hope Cawdery, M.J., Strickland, K.L., Conway, A. and Crowe, P.J. 

(1977). Production effects of liver fluke in cattle. I. The effects of 

infection on liveweight gain, feed intake and food conversion efficiency 

in beef cattle. British Veterinary Journal, (133): 145-159. 

Horak, I.G. (1971). Paramphistomiasis of domestic ruminants. Advanced 

Parasitology, (9): 33-71. 



151 
 

Huang, W.Y., He, B., Wang, C.R. and Zhu, X.Q. (2003). 

Characterisation of Fasciola species from Mainland China by ITS-2 

ribosomal DNA sequence. Veterinary Parasitology, (120): 75-83. 

Huang, W.Y., He, B., Wang, C.R. and Zhu, X.Q. (2004). 

Characterisation of Fasciola species from mainland China by ITS-2 

ribosomal DNA sequence. Veterinary Parasitology, (120): 75–83.  

Hurtrez-Bousses, S., Durand, P., Jabbour-Zahab, R., Guegan, J. F., 

Meunier, C. M., Bargues, D., Mas-Coma, S. and Renaud, F. (2004). 

Isolation and characterization of microsatellite markers in the liver fluke 

(Fasciola hepatica). Mol. Ecol. Notes, (4): 689-690.  

Hurtrez-Boussès, S., Meunier, C., Durand, P. and Renaud, F. (2001). 

Dynamics of host–parasite interactions: the example of populationbiology 

of the liver fluke (Fasciola hepatica). Microbes and Infection, (3): 841–

849.  

Ibarra, F., Montenegro, N., Vera, Y., Boulard, C., Quiroz, H., Flores, 

J. and Ochoa, P. (1998). Comparison of three ELISA tests for 

seroepidemiology of bovine fasciolosis. Veterinary Parasitology, (77): 

229–236. 

Ichikawa, M. and Itagaki, T. (2010). Discrimination of the ITS1 types 

of Fasciola spp. based on a PCR-RFLP method. Parasitology Research, 

(106): 757–761.  

Ilha, M.R., Loretti, A.P. and Reis, A.C. (2005). Wasting and mortality 

in beef cattle parasitized by Eurytrema coelamaticum in the State of 

Parana, Southern Brazil. Veterinary Parasitology, (133): 49-60. 

Intapan, PM., Maleewong, W., Nateeworanart, S., Wongkham, C., 

Pipitgool, V., Sukolapong V, et al. (2003). Immunodiagnosis of human 

fascioliasis using an antigen of Fasciola gigantica adult worm with the 



152 
 

molecular mass of 27 kDa by a dot‑ELISA. Southeast Asian Journal of 

Tropical Medicine and Public Health, (34): 713‑717.  

Intapan, PM., Tantrawatpan, C., Maleewong, W., Wongkham, S., 

Wongkham, C. and Nakashima, K. (2005). Potent epitopes derived 

from Fasciola gigantica cathepsin L1 in peptide-based immunoassay for 

the serodiagnosis of human fascioliasis. Diagnostic Microbiology and 

Infectious Disease, (53): 125–129. 

Irving J. A., Spithill T. W., Pike R. N., Whisstock J. C. and Smooker, 

P. M., (2003). The evolution of enzyme specificity in Fasciola spp. J. 

Mol. Evol. (57): 1–15.  

Itagaki, T. and Tsutsumi, K. (1998b). Triploid form of Fasciola in 

Japan: genetic relationships between Fasciola hepatica and Fasciola 

gigantica determined by ITS2-sequence of nuclear rDNA. Internationa 

Journal for Parasitology, (28): 777-781.  

Itagaki, T., Kikawa, M., Sakaguchi, K., Shimo, J., Terasaki, K., 

Shibahara, T. and Fukuda, K. (2005a). Genetic characterization of 

parthenogenic Fasciola sp. in Japan on the basis of the sequences of 

ribosomal and mitochondrial DNA. Parasitology, (131): 679–685.  

Itagaki, T., Kikawa, M., Sakaguchi, K., Shimo, J., Terasaki, K., 

Shibahara, T. and Fukuda, K. (2005). Genetic characterization of 

parthenogenetic Fasciola sp. in Japan on the basis of the sequences of 

ribosomal and mitochondrial DNA. Parasitology, (131): 679-685.  

Itagaki, T., Kikawa, M., Sakaguchi, K., Terasaki, K., Shibahara, T. 

and Fukuda, K. (2005b). Molecular characterization of parthenogenic 

Fasciola sp in Korea on the basis of DNA sequences of ribosomal ITS1 

and mitochondrial NDI gene. Journal of Veterinary Medicine and 

Science, (67): 1115-1118. 



153 
 

Itagaki, T., Ohta, N., Hosaka, Y., Iso, H., Konishi, M., Chinone, S. 

and Itagaki, H. (1989). Diagnosis of Fasciola spp infections in cattle by 

enzyme linked inununosorbent assay. Japanese Journal of Veterinary 

Science, 5 l (4): 757-764. 

Itagaki, T., Sakaguchi, K., Terasaki, K., Sasaki, O., Yosshihara, S., 

Van Dung, T. (2009). Occurrence of spermic diploid and aspermic 

triploid forms of Fasciola in Vietnam and their molecular 

characterization base on nuclear and mitochondrial DNA. Parasitol. Int. 

(58): 81-85. 

Itagaki, T., Sakamoto, T. and Itagaki, H. (1995). Analysis of Fasciola 

sp antigen by enzyme-linked immunotransfer blot using sera from 

experimentally and naturally infected cattle. Journal of Veterinary 

Medical Science, (57): 511-513. 

James, S. L., Sher, A., Lazdins, J. K. andMeltzer, M. S. (1982). 

Macrophages as effector cells of protective immunity in murine 

schistosomiasis II. Killing of newly transformed schistosoma in vitro by 

macrophages activated as a consequence of Schistosoma mansoni 

infection. The Journal of Immunology, (12): 1535-1540 

Jefferies, J. R., Campbell, A. M., van Rossum, A. J., Barrett, J. and 

Brophy, P. M. (2001). Proteomic analysis of Fasciola hepatica 

excretory-secretory products. Proteomics, (1): 1128-1132. 

Jehangir Shafi Dar, Irfan-ur-Rauf Tak, Ganai, B.A. and Shahardar, 

R.A. (2016). Protein profiling of whole worm extract of 

Paramphistomum cervi isolated from local cattle breeds of Kashmir using 

SDS-PAGE. American-Eurasian J. Agric & Environ. Sci. 16(7): 1327-

1330. 

Kachintorn, U., Atisook, K., Tesjaroen, S., Lertakyamanse, N. and 

Plengvanit, U. (1988). Fasciola gigantica: the second case of human 



154 
 

infection in Thailand. Journal of the Medical Association of Thailand, 

(71): 451-455. 

Kalbe, M., Haberl, B. and Haas, W. (1997). Miracidial host-finding in 

Fasciola hepatica and Trichobilharzia ocellata is stimulated by species-

specific glycoconjugates released from the host snails. Parasitology 

Research, (83): 806-812. 

Kamaraj, C., Rahuman, A.A., Bagavan, A., Ego, G., Rajakumar, G., 

Zahir, M.S., Santhoshkumar, T. and Jayaseelan, C. (2010). Evaluation 

of medicinal plant extracts against blood-sucking parasites. Parasitology 

Research, (106): 1403-1412. 

Kamel, H.H., Saad, G.H. and Sarhan, R.M. (2013). Dot-Blot 

immunoassay of fasciola gigantica infection using 27KDa and adult 

worm regurge antigens in Egyptian patients. Korean. J. Pparasitol. 51(2): 

177-182.  

Kaplan, R.M., Dame, J.B., Reddy, G.R. and Courtney, C.H. (1995). A 

repetitive DNA probe for the sensitive detection of Fasciola hepatica 

infected snails. Interntional Journal of Parasitology, (25): 601–610.  

Karib, E.A. (1962). Fasciolosis in cattle and sheep in Sudan. Bulletin 

office, International des Epizooties, (58): 337-346. 

Karimi, A. (2008). Genetic diagnosis of Fasciola species based on 18S 

ribosomal DNA sequences. Journal of Biological Science, (8): 1166–

1173. 

Katz, N., Chaves, A. and Pellegrino, J. (1972). A simple device for 

quantitative stool thick-smear technique in schistosomiasis mansoni. Rev. 

Ins. Med. Trop. São Paulo. (14): 397- 402. 

Keegan, P.S. and Trudgett, A. (1992). Fasciola hepatica in the rat: 

immune responses associated with the development of resistance to 

infection. Parasite Immunology, (14): 657-669. 



155 
 

Kendall, S. B. (1954). Fasciolosis in Pakistan. Annals of Tropical 

Medicine and Parasitology, (48): 307-313 

Kendall, S.B. (1965). Relationship between the species of Fasciola and 

their molluscan hosts. Advances in Parasitology, (3): 59-98. 

Khalil, H.M., Abdelaal, T.M., Makled, M.K., Abdalla, H.M., Fahmy, 

I.A. and El Zayyat, E.A. (1989). Sensitivity of crude and purified 

Fasciola antigens in immunological diagnosis of human fascioliasis. 

Journal of Egyptian Society of Parasitology, 19(2): 395-402. 

Khalil, H.M., Makled, M.K.H., El-Missiry, A.G., Khalil, N.M. and 

Sonobol, S.E. (1989). The application of S. mansoni adult and soluble 

egg antigens for serodiagnosis of schistomiasis by CIEB, IHA and 

ELISA. Journal of Egyptian Society of Parasitology, (19): 872 – 843. 

Khalili, G., Partovi, F. and Ajdari, S. (2001). Immunodiagnosis of 

human fascioliasis by ELISA using excretory-secretory products as 

antigen. Iranian Journal of Medical Science, (26): 127-132. 

Khan, U.J., Tanveer, A., Maqbool, A. and Masood, S. (2008). 

Epidemiological studies of paramphistomosis in cattle. Veterinarski 

Arhiv. (78): 243-251. 

Kiatpathomchai, K., Chaichomelert, S., Kusamran, T et al., (1995). 

Protein antigens of cattle liverfluke Fasciola gigantica in: Biopolmer and 

bioproducts: structure, function and applications11th FAOMB 

symposium. Bangkok: Samakkhisan. 

Kocher, T.D., Thomas, W.K., Meyer, A., Edward, S.V., Pääbo, S., 

Villablanca, F. X. and Wilson, A.C. (1989). Dynamic of mitochondrial 

DNA evolution in animals: amplification and sequencing with conserved 

primers. Proceeding of the National Academy of Sciences USA. (86): 

6196-6200. 

Krailas, D., Panomsuk, S., Janecharat, T. and Ukong, S. (2002). 

Production of monoclonal antibodies against partially purified surface 



156 
 

tegument antigens of Faasciola gigantica. Southeast Asian Journal of 

Tropical Medicine and Public Health, 33(3): 92-99. 

Kumar, N., Ghosh, S. and Gupta S.C. (2008). Early detection of 

Fasciola gigantica infection in buffaloes by enzyme-linked 

immunosorbent assay and dot enzyme-linked immunosorbent assay. 

Parasitology Research, (103): 141-150.  

Kwangsig Yang, H.J. and Chung, Y.B. (2003). Usefulness of 8 kDa 

protein of Fasciola hepatica in diagnosis of  fascioliasis . Korean Journal 

of Parasitology, 41(2): 121-123. 

Kyronseppa, H.J. and Goldsmid, J.M. (1978). Studies on the intestinal 

parasites in African patients in Owamboland South West Africa. 

Transactions of the Royal Society of Tropical Medicine and Hygiene, 

(72): 16-21. 

Langley, R.J. and Hillyer, G.V. (1989). Detection of circulating 

parasitic antigen in murine fascioliasis by two-site enzyme linked 

immunosorbent assay. American Journal of Tropical Medicine Hygeine, 

(41): 472-478. 

Lapage, G. (1968). Some trematoda parasitic in farm animals. IN: 

Lapage, C. 2
nd

 edition, Oliver and Boyol, Edinburgh and London, pp. 

329-345. 

Latchumikanthan, A., Soundararajan, C., Dhinakarraj, G. and 

Abdul Basith, S. (2012). Purification and characterization of 

excretory/secretory antigens of Fasciola gigantica. Tamilnadu. Journal of 

Veterinary and Animal Science, 8(1): 14–18.  

Law, R.H., Smooker, P.M., Irving, J.A., Piedrafita, D., Ponting, R., 

Kennedy, N.J, et al. (2003). Cloning and expression of the major 

secreted cathepsin B-like protein from juvenile Fasciola hepatica and 

analysis of immunogenicity following liver fluke infection. Infect Immun. 

(71): 6921–6932. 



157 
 

Le, T.H., Blair, D. and Mc Manus, D.P. (2000). Mitochondrial genomes 

of human helminths and their use as markers in population genetics and 

phylogeny. Act. Trop. (77): 243-256.  

Le, T.H., Blair, D. and Mc Manus, D.P. (2002). Mitochondrial genomes 

of parasitic flatworms. Trends Parasitology, (18): 206-213.  

Le, T.H., De, N.V., Agatsuma, T., Nguyen, T.G.T., Nguyen Q.D., 

McManus D.P. and Blair, D. (2008). Human fascioliasis and the 

presence of hybrid/introgressed forms of Fasciola in Vietnam. 

International Journal for Parasitology, (38): 725-730.  

Lee, C. G., Zimmerman, G. L. and Bishop, J. K. (1992). Host 

influence on the banding profiles of whole-body protein and excretory-

secretory product of Fasciola hepatica (Trematoda) by isoelectric 

focusing. Veterinary Parasitology, (41): 57-68.  

Lee, C. G., Zimmerman, G. L. and Bishop, J. K. (1992a). Host 

influence on the banding profiles of whole-body protein and excretory-

secretory product of Fasciola hepatica (Trematoda) by isoelectric 

focusing. Veterinary Parasitology, (41): 57-68. 

Lehner, R.P. and Sewell, M.M.H. (1980). A study of the antigens 

produced by adult Fasciola hepatica maintained in vitro. Parasite 

Immunology, (2): 99- 102. 

Leid, R. W., Suquet, C. M. and Tanigoshi, L. (1987). Parasite defense 

mechanisms for evasion of host attack; a review. Veterinary Parasitology, 

(25): 147-162. 

Levieux, D. and Levieux, A. (1994). Early immunodiagnosis of caprine 

fasciolosis using specific f2 antigen in a passive hemagglutination test. 

Veterinary Parasitology, (45): 81-88. 

Levieux, D., Levieux, A. and Venien, A. (1992a). An improved passive 

hemagglutination test for the serological diagnosis of bovine fascioliasis 

using the specific antigen f2. Veterinary Parasitology, (42): 53-66. 



158 
 

Levieux, D., Levieux, A., Mage, C. and Venien, A. (1992b). Early 

immunodiagnosis of bovine fascioliasis using the specific antigen f2 in a 

passive hemagglutination test. Veterinary Parasitology, (42): 77-86. 

Lin Ai, Mu-Xin Chen., Alasaad S., Elsheikha, H.M., Juan Li., Hai-

Long Li., Rui-Qing Lin., Feng-CaiZou., Xing- Quan Zhu and Jia-Xu 

Chen. (2011). Genetic characterization, species differentiation and 

detection of Fasciola spp. by molecular approaches. Parasites Vect. (4): 

101.  

Lin, R.Q., Dong, S.J., Nie, K., Wang, C.R., Song, H.Q., Li, A.X., 

Huang, W.Y. and Zhu, X.Q. (2007). Sequence analysis of the first 

internal transcribed spacer of rDNA supports the existence of the 

intermediate Fasciola between F. hepatica and F. gigantica in mainland 

China. Parasitology Research, (101): 813–817.  

Lopez-Aban, J.,  Nogal-Ruiz, J.J., Vicente, B., Morrondo, P., Diez-

Baños, P., Hillyer, G.V., Martínez-Fernández, A.R., Feliciano, A.S. 

and Muro, A. (2008). The addition of a new immunomodulator with the 

adjuvant adaptation ADAD system using fatty acid binding proteins 

increases the protection against Fasciola hepatica. Veterinary 

Parasitology, (153): 176-181. 

López-Abán, J., Casanueva, P., Nogal, J., Arias, M., Morrondo, P., 

Diez-Baños, P., Hillyer, G.V., Martínez-Fernández, A.R. and Muro 

A.  (2007). Progress in the development of Fasciola hepatica vaccine 

using recombinant fatty acid binding protein with the adjuvant adaptation 

system ADAD. Veterinary Parasitology, (145): 287–296. 

Lotfy, W. M. and Hillyer, G. V. (2003). Fasciola species in Egypt. Exp. 

Pathol. Parasitol. (6): 9–22.  

Lotfy, W.M., Brant, S.V., DeJong, R.J., Hoa Le, T., Demiaszkiewicz, 

A., Rajapakse, R. P. V.J., Perera, B. V. P.V.,  Laursen. J.R. and 

Loker, E.S. (2008). Evolutionary Origins, Diversification, and 

http://europepmc.org/search?page=1&query=AUTH:%22Nogal-Ruiz+JJ%22
http://europepmc.org/search?page=1&query=AUTH:%22Vicente+B%22
http://europepmc.org/search?page=1&query=AUTH:%22Morrondo+P%22
http://europepmc.org/search?page=1&query=AUTH:%22Diez-Ba%C3%B1os+P%22
http://europepmc.org/search?page=1&query=AUTH:%22Diez-Ba%C3%B1os+P%22
http://europepmc.org/search?page=1&query=AUTH:%22Mart%C3%ADnez-Fern%C3%A1ndez+AR%22
http://europepmc.org/search?page=1&query=AUTH:%22Feliciano+AS%22
http://europepmc.org/search?page=1&query=AUTH:%22Muro+A%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22L%C3%B3pez-Ab%C3%A1n+J%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Casanueva+P%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Nogal+J%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Arias+M%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Morrondo+P%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Diez-Ba%C3%B1os+P%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Hillyer+GV%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Mart%C3%ADnez-Fern%C3%A1ndez+AR%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Muro+A%22
http://europepmc.org/search;jsessionid=2BqP7LsDE1iusjoBXf6Q.11?page=1&query=AUTH:%22Muro+A%22


159 
 

Biogeography of Liver Flukes (Digenea, Fasciolidae). American Journal 

of Tropical Medicine Hygeine, 79(2): 248–255.  

Lotfy, W.M., El-Morshedy, H. N., El-Hoda, M. A., El-Tawila, M. M., 

Omar, E. A. and Farag, H. F.  (2002). Identification of the Egyptian 

species of Fasciola. Veterinary Parasitology, (103): 323–332. 

Loukas, A., Tran, M. and Pearson, M.S. (2007). Schistosome 

membrane proteins as vaccines. International Journal for Parasitology, 

(37): 257-263. 

Magalhaes, K.G., Jannotti-Passos, L.K., Caldeira, R.L., Berne, M.E., 

Muller, G., Carvalho, O.S. and Lenzi, H.L. (2008). Isolation and 

detection of Fasciola hepatica DNA in Lymnaea viatrix from formalin-

fixed and paraffin-embedded tissues through multiplex-PCR.Veterinary 

Parasitology, (152): 333–338.  

Maghraby, S.A., Shaker, K.H., Zahran, H.G. and El Sherbiny, M. 

(2007). In vivo the immunological effects of Fasciola gigantica worms 

homogenate mixed with Saponin on mice infected with Schistosoma 

mansoni. Journal of Medical Science, 7(5): 724-731.  

Maharana, B.R. and Kollannur, J.D. (2012). Development of 

cathepsin-L cysteine proteinase based Dot-enzyme-linked immunosorbent 

assay for the diagnosis of Fasciola gigantica infection in buffaloes. 

Veterinary Parasitology, (183): 382-385. 

Maher, K., El Ridi R., Elhoda, A.N., El-Ghannam, M., Shaheen, H., 

Shaker, Z. and Hassanein, H.I. (1999). Parasite specific antibody 

profile in human fascioliasis: application for immunodiagnosis of 

infection. Am. J. Trop. Med. Hyg. 61: 738-742. 

Maleewong, W., Intapan, P.M., Wongkham, C., Tomanakan, K., 

Daenseekaew, W. and Sukeepaisarnjaroen, W. (1996). Comparison of 

adult somatic and excretory secretory antigens in enzyme linked 

https://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Ridi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10586905
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elhoda%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=10586905
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Ghannam%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10586905
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaheen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10586905
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaker%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=10586905
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassanein%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=10586905


161 
 

immunosorbent assay for serodiagnosis of human infection with Fasciola 

gigantica. South East Asian Journal of Tropical Medicine and Public 

Health, 27(3): 566-569.  

Marcet, R., Diaz, A., Arteaga, E., Finlay, C. M. and Sarracent, J. 

(2002). Passive protection against fasciolosis in mice by immunization 

with a monoclonal antibody (ES-78 MoAb). Parasite Immunology, (24): 

103-108. 

Marcilla, A., Bargues, M.D. and Mas-Coma, S. (2002). A PCR-RFLP 

assay for the distinction between Fasciola hepatica and Fasciola 

gigantica. Mol. Cell. Probes. (16): 327–333.  

Markell, E. K. and M. Voge. (1999). Medical Parasitology, eighth ed. 

Saunders Company Publication, 185–188 

Markell, E.K. and Voge, M. (1981). The trematodes In: Medical 

Parasitology Fifth edition ed. W.B. Saunders Company, Philadelphia 140-

176. 

Marques, H.H., Zouain, C.S., Torres, C.B., Oliveira, J.S., Alves, J.B. 

And Goes, A.M. (2008). Protective effect and granuloma down-

modulation promoted by RP44 antigen a fructose 1, 6 bisphosphate 

aldolase of Schistosoma mansoni. Immunobiology, (213): 437–446.  

Mas-Coma, S. (2005). Epidemiology of fasciolosis in human endemic 

areas. Journal of Helminthology, (79): 207-216.  

Mas-Coma, S. and Bargues, M. D. (1997). Human liver flukes: A 

review. Res. Rev. Parasitol. (57): 145–218.  

Mas-Coma, S., Bargues, M. D. and Valero, M. A. (2005). Fascioliasis 

and other plant-borne trematode zoonoses. International  Journal for 

Parasitology, (35): 1255–1278.  

Mas-Coma, S., Bargues, M.D. and Estaban, J.G. (1999). Epidemiology 

of human fascioliasis: a review and proposed new classification. Bull. 

World Health Organ. (77): 340-346. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Marques%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=18472052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zouain%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=18472052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=18472052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=18472052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alves%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=18472052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goes%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18472052


161 
 

Mas-Coma, S., Barguest, M.D. and Esteban, J. G. (1999). Human 

Fasciolosis. In: Fasciolosis (Dalton, J.P. ed.). CABI publishing, Walling 

ford, UK. pp. 411-434. 

Mas-Coma, S.; Valero, M.A. and Bargues, M.D. (2009). Fasciola, 

Lymnaeids and human fascioliasis, with a global overview on disease 

transmission, epidemiology, evolutionary genetics, molecular 

epidemiology and control. In: Advances in Parasitology (David Rollinson 

and Simon Iain Hay (Eds.)). Vol. 69. 

Masih, D. T., Cervi, L. and Casado, J. M. (1996). Modification of 

accessory activity of peritoneal cells from Fasciola hepatica infected rats. 

Veterinary Immunology and Immunopathology, (53): 257-268. 

Mc Manus, D. P. and Dalton, J. P. (2006). Vaccines against the 

zoonotic trematodes Schistosoma japonicum, Fasciola hepatica and 

Fasciola gigantica. Parasitology, (133): 43–61.  

McCarthy, J. and Moore, T.A. (2000). Emerging helminth zoonoses. 

International Journal for Parasitology, (30): 1351-1360. .. 

McGarry, J.W., Ortiz, P.L., Hodgkinson, J.E., Goreish, I. and 

Williams D.J. (2007). PCR-based differentiation of Fasciola species 

(Trematoda: Fasciolidae), using primers based on RAPD-derived 

sequences. Annals of Tropical Medicine and Parasitology, (101): 415–

421.  

McGinty, A., Moore, M., Halton, D. W. and Walker, B. (1993). 

Characterization of the cysteine proteinases of the common liver fluke 

Fasciola hepatica using novel, active-site directed affinity labels. 

Parasitology, (106): 487-493. 

McKerrow, J. H., Brindley, P., Brown, M., Gam, A. A., Staunton, C. 

and Neva, F. A. (1990). Strongyloides stercoralis: identification of a 

protease that facilitates penetration of skin by the infective larvae. 

Experiment Parasitology, (70): 134-143. 



162 
 

Meaney, M., Fairweather, I., Brennan, G.P. And Forbes, A.B. (2004). 

Transmission electron microscope study of the ultrastructural changes 

included in the tegument and gut of Fasciola hepatica following in vivo 

drug treatmentwith Clorsulon. Parasitology Research, (92): 232-241. 

Meaney, M., Fairweather, I., Brennan, G.P., Mc Dowell, L.S. And 

Forbes, A.B. (2003). Fasciola hepatica: effects of the fasciolicide 

clorsulon in vitro and in vivo on the tegumental surface, and a 

comparison of the effects on young- and old- mature flukes. Parasitology 

Research, (91): 238-250. 

Meeusen, E.N.T. and Brandon, M.R. (1994). The use of antibody-

secreting cell probes to reveal tissue – restricted immune response during 

infection. European Journal of immunology, (24): 469-474. 

Meshgi, B., Eslami, A. and Halajian, A. (2009). Determination of 

diagnostic antigens in cattle Amphistomiasis using western blotting. 

Iranian Journal of Parasitology, 4(2): 32-37. 

Meshgi, B., Eslami, A. and Hemmatzadeh (2008). Determination of 

somatic and excretory Secretory antigens of Fasciola hepatica and 

Fasciola gigantica using SDS- PAGE. Iranian Journal of Veterinary 

Research, 9 (1): Ser.22 

Metzgar, D., Thomas, E., Davis, C., Field, D. and Wills, C. (2000). 

The microsatellites of Escherichia coli: rapidly evolving repetitive DNAs 

in a non-pathogenic prokaryote. Molecular Microbiology, 39(1): 183-90.  

Meunier, C., Hurtrez-Bousses, S., Durand, P., Rondelaud, D, and 

Renaud, F. (2004). Small effective population sizes in a widespread 

selfing species, Lymnaea truncatula (Gastropoda: Pulmonata). Mol. Eco. 

(13): 2535–2543.  

Meunier, C., Tirard, C., Hurtrez-Bousses, S., Durand, P., Bargues, 

M.D., Mas-Coma, S., Pointier, J. P., Jourdane, J. and Renaud, F. 



163 
 

(2001). Lack of molluscan host diversity and the transmission of an 

emerging parasitic disease in Bolivia. Mol. Ecol. (10): 1333–1340. 

Mezo, M., González-Warleta, M. and Ubeira FM. (2003). Optimized 

serodiagnosis of sheep fascioliasis by Fast-D protein 

liquidchromatography fractionation of Fasciola hepatica excretory-

secretory antigens. Journal of Parasitology, (89): 843–849. 

Mezo, M., González-Warleta, M. and Ubeira, FM. (2007). The use of 

MM3 monoclonal antibodies for early immunodiagnosis of ovine 

fascioliasis. Journal of Parasitology, (93): 65-72. 

Mezo, M., González-Warleta, M., Carro, C. and Ubeira, FM. (2004). 

An ultrasensitive capture ELISA for detection of Fasciola hepatica 

coproantigens in sheep and cattle using a new monoclonal antibody 

(MM3). Journal of Parasitology, (90): 845–852. 

Mezo, M., González-Warleta, M., Castro-Hermida, J.A., Muiño, L. 

and Ubeira, FM. (2010). Field evaluation of the MM3-SERO ELISA for 

detection of anti-Fasciola IgG antibodies in milk samples from individual 

cows and bulk milk tanks. Parasitology International, (59): 610–615. 

Milbourne, E.A. and Howell, M.J. (1990). Eosinophil responses to 

Fasciola hepatica in rodents. International Journal for Parasitology, (20): 

705-708. 

Milbourne, E.A. and Howell, M.J. (1997). Eosinophilia in nude rats and 

nude mice after infection with Fasciola hepatica or injection with its E/S 

antigens. International Journal for Parasitology, (27): 1099-1105. 

Moazeni, M. and Gaur, S.N.S. (2003). Comparison of excretory-

secretory (ES) and somatic antigens of Fasciola spp in gel diffusion test. 

I JVR. 4(2): 176-1 79.  



164 
 

Moazeni, M., Guar, S.N.S. and Shahangian, A. (2005). Cross reactivity 

between ES and somatic antigens of Fasciola spp. in enzyme linked 

immunosorbent assay. Iranian journal of Veterinary Research, Vol.6, No. 

2, Ser. No. 12. 

Molina-Herna´ndez, V., Mulcahy, G., Pe´rez, J., Martı´nez-Moreno, 

A., Donnelly, S. and O’Neill, S.M. (2015). Fasciola hepatica vaccine: we 

may not be there yet but we‘re on the right road. Veterinary Parasitology, 

(208): 101–111. 

Molloy, J.B., Anderson, G.R., Fletcher, T.I., Landmann, J. and 

Knight, B.C. (2005). Evaluation of a commercially available enzyme 

linked immunosorbent assay for detecting antibodies to Fasciola hepatica 

and Fasciola gigantica in cattle, sheep and buffaloes in Australia. 

Veterinary Parasitology, (130): 207–212. 

Morales, A. and Espino, A.M. (2012). Evaluation and characterization 

of fasciola hepatica tegument protein extract for serodiagnosis of Human 

fascioliasis. Clinical and vaccine immunology, 19(11): 1870-1878. 

Morilla, C.A., Paniagua, R., Ruiz-Navarrete, A., Bautista, C.R. and 

Morilla, A. (1989). Comparison of dot enzyme linked immunosorbent 

assay (Dot-ELISA), passive haemagglutination test (PHT) and thin layer 

immunoassay (TIA) in the diagnosis of natural or experimental Fasciola 

hepatica infection in sheep. Veterinary Parasitology, (30): 197-203.  

Morozovo, E.V., Chrisanfova, G.G., Arkhipov, I.A. and Semyenova, 

S.K. (2003). Polymorphism of the ND1 and CO1 mitochondrial genes in 

populations of the liver fluke Fasciola hepatica. Russian Journal of 

Genetics, (40): 817-820.  

Morphew, R. M., Wright, H. A., LaCourse, E. J., Woods, D. J. and 

Brophy, P. M. (2007). Comparative proteomics of excretory-secretory 

proteins released by the liver fluke Fasciola hepatica in sheep host bile 

and during in vitro culture ex host. Mol. Cell Proteomics, (6): 963-972. 



165 
 

Mousa, W.M. (2001). Evaluation of cercarial antigen for the 

serodiagnosis of fasciolosis in experimently and natuarally infected 

sheep.Veterinary Parasitology, (97): 47. 

Mousa, W.M., Fouads and Saad, A.H. (1996). Evaluation of the 

different developmental stages of F.gigantica for the serodiagnosis of 

human fasciolosis. Egyptian Journal of Immunology, (3): 63.  

Moxon, J.V., Flynn, R. J., Golden, O.J., Hamilton, V., Mulcahy, G. 

and Brophy P. M. (2010). Immune responses directed at egg proteins 

during experimental infection with the liver fluke Fasciola hepatica. 

Parasite Immunology, (32): 111-124. 

Moxon, J.V., La Course, E.J., Wright, H.A., Perally, S., Prescott, 

M.C., Gillard, L.J., Barrett, J. Hamilton, J.V. and Brophy, P.M. 

(2010). Proteomic analysis of embryonic Fasciola hepatica: 

characterization and antigenic potential of a developmentaly regulated 

heat shock protein. Veterinary Parasitolology, (169): 62-75. 

Muiño, L.; Perteguer, M.J.; Gárate, T. et al. (2011). Molecular and 

immunological characterization of Fasciola antigens recognized by the 

MM3 monoclonal antibody. Molecular and Biochemical Parasitology, 

(179): 80–90. 

Mulcahy, G., Joyce, P. and Dalton, J. P. (1999a). Immunology of 

Fasciola hepatica infection. In Fasiolosis., J. P. Dalton, ed. (Wallingford, 

UK, CABI Publishing), pp. 341-376. 

Mulvenna, J., Sripa, B., Brindley, P.J., Gorman, J., Jones, M.K., 

Colgrave, M.L., Jones, A., Nawaratna, S., Laha, T., Suttiprapa, S., 

Smout, J.M. and Loukas, A. (2010). The secreted and surface 

proteomes of the adult stage of the carcinogenic human liver fluke 

Opisthorchis viverrini.Proteomics, 10(5):1063–1078.  

Murrel, K.D. (1994). DrStoll᾿ s wormyu world revisited: the neglected 

animal diseases. Journal of Parasitology, (80): 173-188. 



166 
 

Na, B. K., Kim, S. H., Lee, E. G., Kim, T. S., Bae, Y. A., Kang, I., Yu, 

J. R., Sohn, W. M., Cho, S. Y. and Kong, Y. (2006). Critical roles for 

excretory-secretory cysteine proteases during tissue invasion of 

Paragonimus westermani newly excysted metacercariae. Cell Microbiol. 

(8): 1034-1046. 

Nagamine, K., Hase, T. and Notomi, T.( 2002). Accelerated reaction by 

loop-mediated isothermal amplification using loop primers. Mol. Cell 

Probes. (16): 223–229.  

Gul, N., Tak, H., Hazari, Y. and Yousuf, M. (2013). Comparative 

morphometric assessment and protein profiling of Fasciola hepatica and 

Fasciola gigantica coexisting in Bovines. International Journal of current 

research, 5(06): 1594-1596. 

Ndao, M., Belot, J., Zinsstag, J. and Pfister, K. (1995). Epidemiology 

of gastrointestinal helminthiasis in small ruminants from a tree-cropping 

pasture system in Senegal. Veterinary Research, (26): 132-139. 

Non, C., Viyanant, V., Upatham, S., Kusamran, T., Chompoo-

Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, 

K., Amino, N. and Hase, T. (2000). Loop-mediated isothermal 

amplification of DNA. Nucleic Acids Research, (28): E63. 

Noureldin, M.S., EL-Ganaini, G.A., Abau El-Enin, A.M., Hussein, 

E.M. and Sultan, D.M. (2004). Evaluation of seven assays detecting 

serum immunoglobulin classes and subclasses and salivary and faecal 

secretory IgG against Fasciola execretory/secretory ES antigen in 

diagnosing fasciolosis. J. Egypt. Soc. Parasitol. (34): 691-704. 

Nwosu, C.O. and Srivastava, G.C. (1993). Liverfluke infections in 

livestock in Bornu State, Nigeria. Veterinary Quarterly, (15): 182-183. 

Oǧuz Sarimehmetoǧ lu, H. (2002). Application of Western Blotting for 

the immunodiagnosis of fasciola hepatica in cattle using Exceretory/ 



167 
 

Secretory Antigens. Turkish Journal of Veterinary Animal Science, (26): 

1061-1065. 

Ollerenshaw, C.B. and Smith, L.P. (1969). Meteorological factors and 

forecasts of helminthic disease. Avances in Parasitology, (7): 283-323. 

O’Neill, S.M., Parkinson, M., Dowd, A.J., Strauss, W., Angles, R. and 

Dalton, J. (1999). Short report: Immunodiagnosis of human fascioliasis 

using recombinant Fasciola hepática cathepsin L cysteine proteinase. 

American Journal of Tropical Medicine and Hygiene, (60): 749–751. 

O’Neill. S.M., Parkinson, M., Strauss, W., Angles, R. and Dalton, J.P. 

(1998). Immunodiagnosis of Fasciola hepatica infection (Fascioliasis) in 

a human population in the Bolivian Altiplano using purified cathepsin L 

cysteine proteinase. American Journal of Tropical Medicine and Hygiene, 

(58): 417–423. 

O'Neill S.M, Brady M.T, Callanan J.J, Mulcahy G, Joyce P, et al. 

(2000). Fasciola hepatica Infection Down Regulates Th1 Responses in 

Mice. Parasite Immunology, (22): 147–155. 

O'Neill, S. M., Mills, K. H. and Dalton, J. P. (2001).Fasciola hepatica 

cathepsin L cysteine proteinase suppresses Bordetella pertussis-specific 

interferon-gamma production in vivo. Parasite Immunol. (23): 541-547. 

Ortiz, P.L., Claxton, J.R., Clarkson, M.J., McGarry, J. and Williams, 

D.J. (2000). The specificity of antibody responses in cattle naturally 

exposed to Fasciola hepatica. Vet. Parasitol. 93(2): 121-134. 

Osman, M.M., Shehab, A.Y., El, M.S.A., Helmy, M.H. and Farag, 

H.F. (1995). Evaluation of Fasciola execretory-secretory (E/S) product in 

diagnosis of acute human fasciolosis by IgM ELISA. Tropical Medicine 

and Parasitology, (46): 115-118. 



168 
 

Osman, Mukhtar Osman (2011). Studies on the epidemiology, 

immunology and chemotherapy of Fasciola gigantica in White Nile State, 

Sudan. Ph.D thesis, The Sudan Academy of Science, Sudan. 

Over, H.J. (1982). Ecological basis of parasite control: trematode with 

special reference to Fascioliasis. Veterinary Parasitology, (11): 85-97. 

Pantelouris, E.M. (1965): The common liver fluke. Pergamon Press, 

Oxford, London, New York, Paris and Frankfurt. 

Patton, W.F. (2000). A thousand points of light: the application of 

fluorescence detection technologies to two- dimensional gel 

electrophoresis and proteomics. Electrophoresis, (21): 1123–1144. 

Paykari, H., Dalimi, A. and Madani, R. (2002). Immunization of sheep 

against Fasciola gigantica with glutathione S-transferase. Veterinary 

Parasitology, (105): 153-159.  

Paz-silva, A., Pedreira, J., Sanchez. A.R., Suarez, J., Diaz, P., 

Panadero, R., Diez-Banos, P. and Morrondo, P. (2002). Time-course 

analysis of coproantigens in rats infected and challenged with Fasciola  

hepatica. Parasitology Research, (88): 568-573.  

Peng, M., Ichinomiya, M., Ohtori, M., Ichikawa, M., Shibahara, T. 

and Itagaki, T. (2009). Molecular characterization of Fasciola hepatica, 

Fasciola gigantica, and aspermic Fasciola sp. in China based on nuclear 

and mitochondrial DNA. Parasitology Research, (105): 809-815. 

Perez-Sanchez, R., Ramajo-Hernandez, A., Ramajo, Martin, V. and 

Oleaga, A. (2006). Proteomic analysis of the tegument and excretory-

secretory products of adult Schistosoma bovis worms. Proteomics 

6(Suppl. 1): S226–S236. 

Periago, M. V., Valero, M. A., El-Sayed, M., Ashrafi, K., ElWakeel, 

A., Mohamed, M. Y., Desquesnes, M. Curtale, F. and Mas-Coma, S. 

(2008). First phenotypic description of Fasciola hepatica/Fasciola 



169 
 

gigantica intermediate forms from the human endemic area of the Nile 

Delta, Egypt. Infect. Genet. Evol. (8): 51–58. 

Periago, M.V., Valero, M. A., Panova, M. and Mas-Coma, S. (2006). 

Phenotypic comparison of allopatric populations of Fasciola hepatica and 

Fasciola gigantica from European and African bovines using a computer 

image analysis system (CIAS). Parasitology Research, (99): 368–378.  

Piacenza, L., Acosta, D., Basmadjian, I., Dalton, J. P. and Carmona, 

C. (1999). Vaccination with cathepsin L proteinases and with leucine 

aminopeptidase induces high levels of protection against fascioliasis in 

sheep. Infection Immun. (67): 1954-1961. 

Piedrafita, D., Raadsma, H. W., Prowse, R. and Spithill, T. W. (2004). 

Immunology of the host–parasite relationship in fasciolosis (Fasciola 

hepatica and Fasciola gigantica). Candian Journal of Zoology, (82): 233-

250. 

Piedrafita, D., Spithill, T. W., Dalton, J. P., Brindley, P. J., 

Sandeman, M. R., Wood, P. R. and Parsons, J. C. (2000). Juvenile 

Fasciola hepatica are resistant to killing in vitro by free radicals 

compared with larvae of Schistosoma mansoni. Parasite Immunology, 

(22): 287-295. 

Prasitirat, P., Thammasart, S., Chompoochan, T., Nithiuthai, S. and 

Taira, S. (1996). The dynamic of antibody titres and faecal egg out put in 

cattle and buffalo following infection with 500 and 1000 Fasciola 

gigantica metacercariae. Thai Journal of Veterinary Medicine, (26): 85-

89. 

Preston, J.M. and Allonby, E.W. (1979). Liver fluke infection in sheep. 

Research of Veterinary Science, (26): 134-139. 

Preyavichyapugdee, N., Sahaphong, S., Riengrojpitak, S., Grams, R., 

Viyanant, V. and Sobhon, P. (2008), Fasciola gigantica and 

Schistosoma mansoni: vaccine potential of recombinant glutathione S-



171 
 

transferase (rFgGST26) against infections in mice. Experimental 

Parasitology, (119): 229-237. 

Prowse, R. K., Chaplin, P., Robinson, H. C. and Spithill, T. W. 

(2002). Fasciola hepatica cathepsin L suppresses sheep lymphocyte 

proliferation in vitro and modulates surface CD4 expression on human 

and ovine T cells. Parasite Immunology, (24): 57-66. 

Rahimi, M.T., Ashrafi, K., Koosha, S., Abdi, J. and Rokni, M.B. 

(2011). Evaluation of Fast-ELISA versus standard-ELISA to diagnose 

human fasciolosis. Arch. Iran. Med. (14): 18-21. 

Rahman, S.A., Oreilly, K.L. and Malone, J.B. (1999). Biochemical 

characterization and localization of F. hepatica 26-28 Kda diagnosis 

coproantigen. Parasite Immunology, (21): 279-286.  

Rapsch, C., Schweizer, G., Grimm F., Kohler, L., Deplazes, P., 

Braun, U. and Torgerson, P. R. (2006). Estimating the true prevalence 

of Fasciola hepatica in cattle slaughtered in Switzerland in the absence of 

an absolute diagnostic test. International Journal for Parasitology, (36): 

1153-1158. 

Rapsch, C., Schweizer, G., Grimm, F., Kohler, L., Bauer, C., 

Deplazes, P., Braun, U. and Torgerson, P.R. (2006). Estimating the 

true prevalence of Fasciola hepatica in cattle slaughtered in Switzerland 

in the absence of an absolute diagnostic test. International Journal for 

Parasitology, 36(10-11): 1153-1158.  

Reddington, J.J., Wes Leid, R. and Wescott, R.B. (1994). A review of 

the antigens of Fasciola hepatica. Veterinary Parasitology, (14): 209-229. 

Reichel, M.P. (2002). Performance characteristics of an enzyme-linked 

immunosorbent assay for the detection of liver fluke (Fasciola hepatica) 

infection in sheep and cattle. Veterinary Parasitology, (107): 65-72. 

Reichel, M.P., Vanhoff, K. and Baxter B. (2005). Performance 

characteristics of an enzyme-linked immunosorbent assay performed in 



171 
 

milk for the detection of liver fluke (Fasciola hepatica) infection in 

cattle. Veterinary Parasitology, (129): 61-66. 

Reid, J. F. S., Armour, J., Jennings, F. W., Kipatrick, K. S. and 

Urquhart, G. M. (1967). The Fasciolosis Ostertagiasis complex in young 

cattle. Veterinary Record. (80): 371-374. 

Rivera-Marrero, C.A., Santiago, N. and Hillyer, G.V. (1988). 

Evaluation of immunodiagnostic antigens in the excretory-secretory 

products of Fasciola hepatica. Journal of Parasitology, (74): 646-652.  

Roberts, J. A., Widjayanti, S., Estuningsih, E. and Hetzel, D.J. 

(1997). Evidence for major gene determing the resistance of Indonesian 

thin tailed sheep against Fasciola gigantic. Veterinary Parasitology, (68): 

309-314. 

Robinson, M. W., Tort, J. F., Lowther, J., Donnelly, S. M., Wong, E., 

Xu, W., Stack, C. M., Padula, M., Herbert, B. and Dalton, J. P. 

(2008b). Proteomics and phylogenetic analysis of the cathepsin L 

protease family of the helminth pathogen Fasciola hepatica: expansion of 

a repertoire of virulence-associated factors. Mol. Cell Proteomics, (7): 

1111-1123. 

Rodriguez-Perez, J. and Hillyer, G.V. (1995). Detection of excretory–

secretory circulating antigens in sheep infected with Fasciola hepatica and 

with Schistosoma mansoni and Fasciola hepatica. Veterinary 

Parasitology, (56): 57–66. 

Rokni, M.B. and Gharavi, M.J. (2002). Evaluation of a pre-selected 

epitope of Fasciola hepatica cathepsin-L1 for the diagnosis of human 

fascioliasis by IgG-ELISA test. Iranian Journal of Public Health, (31): 80-

82. 

Rokni, M.B., Baghernejad, A., Mohebali, M. and Kia, E.B. (2004). 

Enzyme linked immunotransfer blot analysis of somatic and excretory-



172 
 

secretory antigens of Fasciola hepatica in diagnosis of human 

Fascioliasis. Iranian Journal of Public Health, (33): 8-13. 

Rokni, M.B., Massoud, J. and Hanilo, A. (2003). Comparison of adult 

somatic and cysteine proteinase antigens of Fasciola gigantica in 

enzyme-linked immunosorbent assay for serodiagnosis of human 

fasciolosis. Act. Trop. (88): 69-75. 

Rokni, M.B., Massoud, J., O’Neill, S.M., Parkinson, M. and Dalton, 

J.P. (2002). Diagnosis of human fasciolosis in the Gilan province of 

Northern Iran: application of cathepsin L-ELISA. Diagnostic 

Microbiology and Infectious Disease, (44): 175–179. 

Rokni, M.B., Massoud, J., O’Neill, S.M., Parkinson, M. and Dalton, 

J. P. (2002). Diagnosis of human fascioliasis in the Gilan province of 

Northern Iran: application of cathepsin LELISA. Diagn. Microbiol. 

Infect. Dis. (44): 175-179. 

Rokni, M.B., Massoud, J., Pezeshki, M. and Jalali, M. (2001). 

Purification and evaluation of somatic, excretory-secretory and cysteine 

proteinase antigens of Fasciola hepatica using IgG-ELISA in diagnosing 

fascioliasis. Acta Med. Iranica. (39): 213-218. 

Rokni, M.B., Samani, A., Massoud, J. and Babaei Nasr, M. (2006). 

Evaluation of dot-ELISA method using excretory-secretory antigens of 

Fasciola hepatica in laboratory diagnosis of human fasciolosis. Iranian 

Journal of Parasitology, 1(1): 26–30.  

Rondelaud, D., Dreyfuss, G., Bouteilleand, B. and Dardé, M. L. 

(2000). Changes in human fasciolosis in a temperate area: about some 

observations over a 28-year period in central France, Parasitology 

Research, (86): 753–757 

Roseby, F.B. (1970). The effect of Fasciolosis on the wool production of 

of merino sheep.  Australlian veterinary journal, (46): 361–365.  



173 
 

Rowcliffe, S.A. and Ollerenshaw, C.B. (1960). Observations on the 

bionomics of the egg of Fasciola hepatica. Annals of Tropical Medicine 

and Parasitology, (54): 172-11. 

Rudd, S. (2003). Expressed sequence tags: alternative or complement to 

whole genome sequences. Trends Plant Sci. 8(7): 3 21-329  

Ruiz-Navarrete, M.A., Arriaga, C.; Bautista, C.R. and Morilla, A. 

(1993). Fasciola hepatica: characterization of somatic and 

excretorysecretory antigens of adult flukes recognized by infected sheep. 

Revista Latinoamericana de Microbiologia, (35): 301-307. 

Sabhon, P., Anantavara, S., Dangprasert, T et al., (1996). Fasciola 

gigantica: Identification of adult antigens, their tissue source and possible 

origins. J. Sci. Soc. Thailand, (22): 143-162 

Sabry, N.M., Mohamed, H.M., Khattab, E.S., Motlaq, S.S., El-

Agrody, A.M. (2011). Synthesis of 4H-chromene, coumarin, 12H-

chromeno[2,3-d] 

Sadykov, V.M. (1988).  Occurrence of Fasciola in decreased individuals 

in the Samarkand region. Meditsinskayai Parazitarhye Bolezni, (4): 71-

73. 

Mufti, S., Magbool, A.M., Yusuf Zafar, Y. and Qayyum, M. (2011). 

Phenotypic analysis of adult Fasciola spp. from Potohar region of 

Northern Punjab, Pakistan. J. Zool. 43(6): 1069-1077. 

Sakaguchi, Y. (1980). Kyryotype and gametogenesis of the common 

liver fluke, Fasciola sp., in Japan. Japanese Journal of Parasitology, (29): 

507-513.  

Saladin, K.S., (1979). Behavioural parasitology and perspectives on 

miracidial host-finding. Z. Parasitenkd. (60): 197-210. 

Salazar-Calderon, M.; Martin-Alonso, J. M., Castro, A. M. and 

Parra, F. (2003). Cloning, heterologous expression in Escherichia coli 



174 
 

and characterization of a protein disulfide isomerase from Fasciola 

hepatica. Molecular and Biochemical Parasitology, (126): 15-23. 

Salem, A., Chauvin, A., Jacquiet, P.h. and Dorchies, P.h. (2007). 

Estimating the prevalence of Fasciola hepatica in cattle: which method is 

the best? WAAVP Ghent, August Abstract N° 500.  

Salib, F.A., Abdel Halium, M.M., Mousa, W.M. and Abdel Massieh, 

E.S. (2015). Evaluation of indirect ELISA and Western blotting for the 

diagnosis of Amphistomes infection in cattle and Buffaloes. International 

Journal of Livestock Research, (5): 71-81. 

Salimi-Bejestani, Daniel, R.G., Felstead, S.M., Cripps, P.J., 

Mahmoody. H. and Williams, D.J. (2005b). Prevalence of Fasciola 

hepatica in dairy herds in England and Wales with an ELISA applied to 

bulk-tank milk. Veterinary Record, (156): 729-731.  

Salimi-Bejestani, M.R., McGarry, J.W., Felstead, S., Ortiz, P., Akca, 

A. and Williams, D.J. (2005). Development of an antibody-detection 

ELISA for Fasciola hepatica and its evaluation against a commercially 

available test. Research of Veterinary Science, (78): 177–181. 

Sampio Silva, M.L., Costa, J.M.C., Da᾿  Costa, A.M.V., Da᾿  Pires, 

M.A., Lopes, S.A., Castro, A.M. and Monjour, L. (1996). Antigenic 

components of execretory secretory products of adult Fasciola hepatica in 

human infections. Am. J. Trop. Med. Hyg. (54): 146-148. 

Sánchez-Andrade, A., Suárez, J.L., Arias, M. et al. (2008). 

Relationships between eosinophilia, anti-Fasciola IgG, and IgM 

rheumatoid factors, in urban and rural areas of north-western Spain. 

Annals of Tropical Medicine and Parasitology, (102): 489–498. 

Sanchez-Andrade, R., Paz-Silva, A., Suarez, J., Panadero, R., Diez-

Banos, P. and Morrondo, P. (2000). Use of a sandwich-enzyme linked 

Immunosorbent assay (SEA) for the diagnosis of natural Fasciola 



175 
 

hepatica infection in cattle from Galicia (NW Spain). Veterinary 

Parasitology, (93): 39-46. 

Sanchis, S., Sanchez-Andrade, R., Macchi, M.I., Pineiro, J.L., Saurez, 

J.L., Cazapal-amonteiro, J.L., Maldini, G., Venzal, J.M., Paz-Silva, 

A. and Arias, M.S. (2012). Infection of paramphistomatidae trematodes 

in cattle from two agricultural regions in NW Uruguay and NW Spain. 

Veterinary Parasitology, (191): 165-171. 

Sandeman, R.M.N. and Hawell, M.J. (1981). Response of sheep to 

challenge infection with Fasciola hepatica. Research in Veterinary 

Science, (30): 294-297. 

Santiago, N. and Hillyer, G.V. (1988). Antibody profiles by EITB of 

cattle and sheep infected with Fasciola hepatica. Journal of Parasitology, 

(74): 810-818.  

Santiago, N., Hillyer, G.V., Garcia-Rosa, M. and Morales, M.H. 

(1986). Identification of functional Fasciola hepatica antigens in 

experimental infections in rabbit. American Journal of Tropical Medicine 

and Hygeine, (35): 135-140.  

Sarimehmetoúlu, H.O. (2002). Application of Western Blotting for the 

Immunodiagnosis of Fasciola hepatica in Cattle Using 

Excretory/Secretory Antigens. Turkish Journal of Veterinary and Animal 

Science, (26): 1061-1065.  

Sayda Ahmed Omar Mohamed (2012). Prevalence of Fasciolosis of 

cattle, goats and sheep in three localities of South Darfur State, Sudan. 

M.Sc. University of Khartoum. 

Schillhorn van Veen, T.W. (1980). Fasciolosis (Fasciola gigantica) in 

West Africa: review. Veterinary Bulletin, (50): 529-533. 

Schwacha, H., Keuchel, M, Gagesch, G. and Hagenmuller, F. (1996). 

Fasciola gigantica in the common bile duct: diagnosis by ERCP 

Endoscopy, (28): 323. 



176 
 

Schweizer, G., Meli, M.L., Torgerson, P.R., Lutz, H., Deplazes, P. 

and Braun, U. (2007). Prevalence of Fasciola hepatica in the 

intermediate host Lymnaea truncatula detected by real time TaqMan PCR 

in populations from 70 Swiss farms with cattle husbandry. Veterinary 

Parasitology, (150): 164–169.  

Semyenova, S. K., Morozova, E. V., Chrisanfova, G. G., Asatrian,  A. 

M. , Movsessian, S. O., and Ryskov, A. P. (2003). RAPD variability in 

genetic diversity in two populations of liver fluke, Fasciola hepatica. 

Acta Parasitol. 48 (2): 1230-2821.  

Semyenova, S.K., Morozova, E. V., Chrisanfova, G. C., Gorokhov,V., 

Arkhipov, A. and Moskvin, A. S. (2006). Genetic differentiation in 

eastern European and western Asian populations of the liver fluke, 

Fasciola hepatica, as revealed by mitochondrial nad1 and cox1 genes. 

Journal of Parasitology, (92): 525–530. 

Semyenova, S.K., Morozova, E. V., Vasilyev, A. V., Gorokhov V. V., 

Moskvin, A.S., Movsessyan, S. O. and Ryskov, A. P. (2005). 

Polymorphism of internal transcribed spacer 2 (ITS-2) sequences and 

genetic relationships between Fasciola hepatica and F. gigantica. Acta 

Parasitol. (50): 240-243.  

Sessions, S. (1990). Chromosomes: Molecular cytogenetics. In: 

Molecular Systematic (Eds: Hillis, D. and Moritz, C.) Sinauer Associate, 

Sunderland USA 156-203.  

Sewell, M.M.H. (1966). The pathogenesis of fascioliasis. Veterinary 

Record, (78): 98-105. 

Shafiei, R., Sarkari, B. and Mahmoud, S. (2015). Performance of a 27 

KDa Fasciola hepatica antigen in the diagnosis of human fascioliasis. J. 

Lab. Physicans, 7(1): 17-20. 

Shaheen, H.I., Kamal, K.A., Farid, Z., Mansour, N., Boctor, F.N. and 

Woody, J.N. (1989). Dot-enzyme linked immunosorbent assay (Dot-



177 
 

ELISA) for the rapid diagnosis of human fascioliasis. Journal of 

Parasitology, 75(4): 549-552. 

Shahlapour, A.A., Masoud, J., Nazary, J.H. and Rahnou, M.N. 

(1994). Further observation on the susceptibility of different species of 

lymnaea snails in Iran to miracidia of Fasciola gigantica. Archives De 

1᾿  Institut Razi, 44-45, 11-188. 

Shahzad, W., Mehmood, K., Munir, R., Aslam, W., Ijaz, M., Rashid 

Ahmad, R., Khan, M.S.  and Sabir, J.A. (2012). Prevalence and 

Molecular Diagnosis of  Fasciola hepatica in Sheep and Goats in 

Different Districts of Punjab, Pakistan .Pakistan Veterinary  Journal, 

32(4): 535-538. 

Shaker, Z.A., Demerdash, Z.A., Mansour, W.A., Hassanein, H.I., El 

Baz, H.G. and EI Gindy, H.I. (1994). Evaluation of specific Fasciola  

Shivjot K., Singla L. D., Hassan S. S. and Juyal P. D. (2009). 

Standardization and application of indirect plate ELISA for 

immunodiagnosis of paramphistomosis in ruminants. Journal of Parasitic 

Diseases, 33(1-2): 70–76.  

Silva, E., Castro, A., Lopes, A., Rodrigues, A., Dias, C., Conceição, 

A., Alonso, J., Correia da Costa, J.M., Bastos, M., Parra, F., 

Moradas-Ferreira, P. and Silva, M. (2004). A recombinant antigen 

recognized by Fasciola hepatica-infected hosts. Journal of Parasitology, 

(90): 746-751. 

Smith, G. and Grenfell, B.T. (1984). The influence of water temperature 

and pH on the survival of Fasciola hepatica miracidia. Parasitology, (88): 

97-104. 

Sobhon, P., Anantavara, S., Dangprasert T, Meepool, A., Wanicha-

Solano, M., Ridley, R.K. and Minocha, H.C. (1991).  Production and 



178 
 

characterization of monoclonal antibodies against excretory-secretory 

products of Fasciola hepatica.Veterinary Parasitology, (40): 227-239. 

Soliman, M. F. M. (2008). Epidemiological review of human and animal 

fascioliasis . Egypt. J. Infect. Dev. Countries. 2(3): 182-189.  

Soulsby, E.J.L. (1984). Helminths, arthropods and protozoa of 

domesticated animals. 7
th

 edition ed. Bailliere Tindall, London. 

Spithil, T.W., Smooker, P.M., Sexton, J.L., Bozas, E., Morrison, C.A., 

Creany, J. and Parsons, J. C. (1999). Development of vaccines against 

Fasciola hepatica. CAB International, Wallingford, UK. 377-401. 

Spithill, T. W. and Dalton, J. P. (1998). Progress in development of 

liver fluke vaccines. Parasitol. Today, 14 (6): 224-228. 

Spithill, T.W. And Dalton, J.P. (2010). Progress in development of liver 

fluke vaccines. Parasitology Today, (14): 224-228. 

Spithill, T.W., Pietrafita, D. and Smooker, P.M. (1997). 

Immunological approaches for the control of fascioliasis. International 

Journal for Parasitology, (27): 1221-1235.  

Srimuzipo, P., Komalamisra, C., Choochote, W., Jitpakdi, A., 

Vanichthanakorn, P., Keha, P., Riyong, D., Sukontasan, K., 

Komalamisra, N., Sukontasan, K. and Tippawangkosol, P. (2000). 

Comparative morphometry, morphology of egg and adult surface 

topography under light and scanning electron microscopies, and 

metaphase karyotype among three size-races of Fasciola gigantica in 

Thailand. Southeast Asian J.ournal of Tropical Medicine and Public 

Health, 31(2): 366-373.  

Sriveny, D., Raina, O.K., Yadav, S.C., Chandra, D., Jayraw, A.K., 

Singh, M. R., Velusamy and Singh, B.P. (2006). Cathepsin L cysteine 

proteinase in the diagnosis of bovine Fasciola gigantica infection. 

Veterinary Parasitology, (135): 25-31. 



179 
 

Stack, C., Dalton, J.P. and Robinson, M.W. (2011). The phylogeny, 

structure and function of trematode cysteine proteases, with particular 

emphasis on the Fasciola hepatica cathepsin L family. Adv. Exp. Med. 

Biol. (712): 116-35.  

Suhardono, Roberts, J.A. and Copeman, D.B. (2006). Biological 

control of Fasciola gigantica with Echinostoma revolutum. Veterinary 

Parasitology, (140): 166-170. 

Taira, N., Yoshifuji, H. and Boray, J. C. (1997). Zoonotic potential of 

infection with Fasciola spp. by consumption of freshly prepared raw liver 

containing immature flukes. International Journal for Parasitology, (27): 

775–779.  

Tantrawatpan, C., Maleewong, W., Wongkham, C., Wongkham, S., 

Intapan, P. M.  and Nakashima, K. (2005). Serodiagnosis of human 

fascioliasis by a cystatin capture enzyme-linked immunosorbent assay 

with recombinant Fasciola gigantica cathepsin L antigen. American 

Journal of Tropical Medicine and Hygeine, (72): 82-86. 

Tariq, A., Mohammad, L. R., Chasti, M.Z., Syed, T.A, Zaffer, A.S., 

Bashir, A. F. and Raina, O.K. (2011). Dot-Enzyme Linked 

Immunosorbant Assay for detection of Paramphistomum cervi antibodies 

in Rabbits. Indian J. Applied & Pure Bio. 26(2): 357-359.  

Temnykh, S., Declerck, G., Lukashova, A., Lipovich, L. and 

Cartinhour, S. (2001). Computational and experimental analysis of 

microsatellites in rice (Oryza sativaL.): frequency, length variation, 

transposon associations, and genetic marker potential. Gen. Res. (11): 

1441–1452. 

Temnykh, S., Park, W. D., Ayres, N., Cartinhour, S., Hauck, N., 

Lipovich, L., Cho, Y.G., Ishii, T. and McCouch, S.R. (2000). Mapping 

and genome organization of microsatellite sequences in rice (Oryza sativa 

L.). Theor. Appl. Genet. (100): 697-712.  



181 
 

Terasaki, K., Moruyama-Gonda, N. and Noda, Y. (1998). Abnormal 

spermatogenesis in the common liver fluke (Fasciola sp.) from Japan and 

Korea. Journal of Veterinary Medicine and Science, (60): 1305-1309.  

Terasaki, K., Noda, Y., Shibahara, T. and Itagaki, T. (2000). 

Morphological comparisons and hypotheses on the origin of polyploids in 

parthenogenetic Fasciola sp. Journal of Parasitology, (86): 724–729. 

Tesana, S., Pamarapa, A. and Sae Sio, O.T. (1989). Acute cholecystitis 

and Fasciola sp. infection in Thailand: report of two cases. Southeast 

Asian Journal of Tropical Medicine and Public Health, (20): 447-452. 

Thammasart, S., Chompoochan, T. and Prasittiratana, P. (1995). 

Development of the ELISA technique for detection of bovine fasciolosis. 

J Nat Res Council Thailand, (27): 47-55. 

Threadgold, L.T. (1976). Fasciola hepatica: Ultrastructure and 

histochemistry of the glycocalyx of the tegument. Experimental 

Parasitology, (39): 119-134.  

Tielens, A. G. M. (1999). Metabolism. In Fasciolosis., J. P. Dalton, ed. 

(Wallingford, UK, CABI Publishing), pp. 277-306. 

Tkalcevic, J., Ashman, K. and Meeusen, E. (1995). Fasciola hepatica: 

rapid identification of newly excysted juvenile proteins. Biochem 

Biophys.Res.Commun. (213): 169-174. 

Toledo, R., Bernal, M.D. and Marcilla, A. (2011).  Proteomics of 

foodborne trematodes. Journal of Proteomics, (74): 1485-1503. 

Tóth, G., Gáspári, Z. and Jurka. J. (2000). Microsatellites in different 

eukaryotic genomes: survey and analysis. Genome Research, 10(7): 967-

981.  

Trouve, S., Degen, L., Meunier, C., Tirard, C., Hurtrez-Bousses, S. 

and Durand, P. (2000). Microsatellites in the hermaphroditic snail, 

Lymnaea truncatula, intermediate host of the liver fluke, Fasciola 

hepatica. Mol. Ecol. (9): 1662–1663. 



181 
 

Trudgett, A., McNair, A. T., Hoey, E. M., Keegan, P. S., Dalton, J. P. 

and Rima, B. K. (2000). The major tegumental antigen of Fasciola 

hepatica contains repeated elements. Parasitology, (121): 185-191. 

Trudgett, A., Watt, A. P., Harriott, P. and Ennis, M. (2003). Liver 

fluke (Fasciola hepatica)-derived peptides activate rat peritoneal mast 

cells. Int. Immunopharmacol. (3): 775-781. 

Turnpenny, P and Ellard, S. (2005). Emery's Elements of Medical 

Genetics. 12th Edition. Elsevier Churchill Livingstone, Edinburgh, UK 

Ubeira, F.M., Muiño, L., Valero, M.A., Periago, M.V., Pérez-Crespo, 

I., Mezo, M., González-Warleta, M., Romarís, F., Paniagua, E., 

Cortizo, S., Llovo, J. and Más-Coma, S. (2009). MM3-ELISA detection 

of Fasciola hepatica coproantigens in preserved human stool samples. 

American Journal of Tropical Medicine and Hygeine, 81(Suppl 1): 156-

162.  

Ueno, H. and Yoshihara, S. (1974). Vertical distribution of Fasciola 

gigantica metacercariae on stem of rice plant grown inj pot. National 

institute of Animal Health Quarterly, (14): 54-60. 

Upadhyay, A.K. and Kumar, M. (2002). SDS-PAGE analysis of 

Fasciola gigantica antigen. Journal of Immunology and 

Immunopathology, (4): 91-92. 

Valero, M. A., Darce, N. A., Panova, M. and Mas-Coma, S. (2001b). 

Relationships between host species and morphometric patterns in 

Fasciola hepatica adults and eggs from the Northern Bolivian Altiplano 

hyperendemic region. Veterinary Parasitology, (102): 85–100.  

Valero, M. A., Panova, M. and Mas-Coma, S. (2001a). Developmental 

differences in the uterus of Fasciola hepatica between livestock liver 

fluke populations from Bolivian highland and European lowlands. 

Parasitology Research, (87): 337– 342. 



182 
 

Valero, M. A., Panova, M. and Mas-Coma, S. (2005). Phenotypic 

analysis of adults and eggs of Fasciola hepatica by computer image 

analysis system. Journal of Helminthology, (79): 217–225.  

Valero, M.A., Panova, M., Comes A. M., Fons, R. and Mas-Coma, S. 

(2002). Patterns in size and shedding of Fasciola hepatica eggs by 

naturally and experimentally infected murid rodents. Journal of 

Parasitology, (88): 308–313.  

Valero, M.A., Ubeira, F.M., Khoubbane, M., Artigas, P., Muino, L., 

Mezo, M., Pérez- Crespo, I., Periago, M.V. and Mas-Coma, S. (2009). 

MM3-ELISA evaluation of coproantigen release and serum antibody 

production in sheep experimentally infected with Fasciola hepatica and 

F. gigantica. Veterinary Parasitology, (159): 77-81. 

Varghese, A., Raina, O.K., Nagar, G., Garg, R., Banerjee, P.S., 

Varshney, R. K., Stein, T. N., Langridge, P. and Graner, G. (2002). In 

silico analysis on frequency and distribution of microsatellites in ESTs of 

some cereal species. Cell Mol. Biol. Lett. (7): 537-546  

Varshney, R.K., Stein, N. and Graner, A. (2004). Transferability and 

comparative mapping of barley microsatellite markers into wheat. Annu. 

Wheat News l. (50): 38-39.  

Vaughan J. L., Charles, J.A. and Boray, J.C. (1997). Fasciola hepatica 

infection in farmed emus (Dromaius novaehollandiae), Australian 

Veterinary Journal, (75): 811–813. 

Velusamy, R., Singh, B.P. and Raina, O.K. (2004). Detection of 

Fasciola gigantica infection in snails by polymerase chain reaction. 

Veterinary Parasitology, (120): 85–90.  

Velusamy, R., Singh, B.P., Ghorsh, S., Chandra, D., Raina, O.K., 

Gupta, S.C., and Jayraw, A.K. (2006). Prepatent detection of Fasciola 



183 
 

gigantica infection in bovine calves using metacercarial antigen. Indian 

journal of experiment Biology, (44): 749-753. 

Velusamy, R., Singh, B.P., Sharma, R.L. and Chanda, D. (2004). 

Detection of circulating 54 kDa antigen in sera of bovine calves 

experimentally infected with F. gigantica. Veterinary Parasitology, (119): 

187-195.  

Vignali, M., Acosta, D., Rossi, S., Lanzzeri, S., Gama, S., Maisonave, 

J. and Cristina, J. (1996). Humoral immune response against Fasciola 

hepatica in bovines: Primary characterization of protection induced by 

irradiated metacercariae. Parasitologia al Día. (20): 32-37. 

Viyanant, V., Krailas, D. and Sobhon, P. (1997). Diagnosis of cattle 

fasciolosis by the detection of a circulating antigen using a monoclonal 

antibody. Asian Pacific Journal of Allergy and Immunology, (15): 153-

159.  

Vongpakorn, M., Waikagul, J., Dekumyoy, P., Chompoochan, T., 

Rojekittikhun, W. and Pongponratn, E. (2001). Comparison of ELISA 

and GPAT in Diagnosis of Bovine Fasciolosis Using Excretory-Secretory 

Antigen. Journal of Tropical Medicine and Parasitology, (24): 1-7.  

Wanchai Maleewong, Pewpan, M. Intapan, Kanchana Tomanakarn 

and Chaisiri Wongkham. (1997). Antigenic components of somatic 

extracts from adult Fasciola gigantica recognized by infected human 

sera. Asian Pacific Journal of Allergy and Immunology, (15): 213-218.  

Wang, C. R., Qiu, J.H., Zhu, X.Q., Han, X.H., Ni, H.B., Zhao, J.P., 

Zhou, Q.M., Zhang, H.W. and Lun, Z.R. (2006). Survey of helminthes 

in adult sheep in Heilongjiang Province, Peoples Republic of China. 

Veterinary Parasitology, (140): 378-382. 

Weidosari, E. and Copeman, D.B. (1990). High resistance to 

experimental infection with fasciola gigantica in Javanese-thin tailed 

sheep. Veterinary Parasitology, (37): 101-111. 



184 
 

Welch, D., Smith, P., Malone, J., Holmes, R. and Geagan, J. (1987). 

Herd evaluation of Fasciola hepatica infection level in Louisiana cattle by 

an enzyme-linked immunosorbent assay. American Journal of Veterinary 

of Veterinary Research, (48): 345-347. 

Wensvoort, P. and Over, H.J. (1982). Cellular proliferation of bile 

ductules and gamma-glutamyl transpeptidase in livers and sera of young 

cattle following a single infection with Fasciola hepatica. Veterinary 

Quartely, (4): 161-172.  

 WHO, (2006).  Report of the WHO Informal Meeting on use of 

triclabendazole in fascioliasis control. Geneva, Switzerland. p. 1-31.   

WHO, (2007). Report of the WHO Informal Meeting on use of 

triclabendazole in fascioliasis control. World Health Organization, 

HeadquartersGeneva,17-18October2006 (WHO/CDS/NTD/PCT/2007.1). 

WHO, (2008). Fact sheet on fascioliasis. In: Action against Worms, 

World Health Organization, Headquarters Geneva (December 2007), 

Newsletter, (10): 1-8. 

Wiedosari, E. and Copeman, D.B. (1990). High resistance to 

experimental infection with Fasciola gigantica in Javanese-thin-tailed 

sheep. Veterinary Parasitology, (37): 101-111. 

Wijffels, G. L., Salvatore, L., Dosen, M., Waddington, J., Wilson, L., 

Thompson, C., Campbell, N., Sexton, J., Wicker, J., Bowen, F., et al. 

(1994b). Vaccination of sheep with purified cysteine proteinases of 

Fasciola hepatica decreases worm fecundity. Experimental Parasitology, 

(78): 132-148. 

Williamson, A. L., Lustigman, S., Oksov, Y., Deumic, V., Plieskatt, J., 

Mendez, S., Zhan, B., Bottazzi, M. E., Hotez, P. J. and Loukas, A. 

(2006). Ancylostoma caninum MTP-1, an astacin-like metalloprotease 

secreted by infective hookworm larvae, is involved in tissue migration. 

Infection and Immunity, (74): 961-967. 



185 
 

Wilson, R.A. and Denison, J. (1970). Studies on the activity of the 

miracidium of the common liver fluke, Fasciola hepatica. Comparative 

Biochemistry and Physiology, (32): 301-313. 

Wilson, R.A., Wright, J.M., de Castro-Borges, W., Parker-Manuel, 

S.J., Dowle, A.A., Ashton, P.D., Young, N.D., Gasser, R.B. and 

Spithill, T.W. (2011). Exploring the Fasciola hepatica tegument 

proteome. International Journal for Parasitology, (41): 1347–1359. 

Wongkham, C., Tantrawatpan, C., Intapan, PM., Maleewong, W., 

Wongkham, S. and Nakashima, K. (2005). Evaluation of 

immunoglobulin G subclass antibodies against recombinant Fasciola 

gigantica cathepsin L1 in an enzyme-linked immunosorbent assay for 

serodiagnosis of human fasciolosis. Clinical and Diagnostic Laboratory 

Immunology, (12): 1152–1156. 

Wyckoff III, J.H. and Bradley, R. E. (1986). An optimized enzyme link 

immunosorbent assay for quantitative diagnosis of bovine fasciolosis. 

Journal of Parasitology, (72): 439-444. 

Yadav, S.C. and Gupta, S.C. (1993). dot-ELISA and DID in the 

diagnosis of Fasciola gigantica infection in rabbits. Journal of Veterinary 

Parasitology, (7): 51–54. 

Yagi, A.I., Younis, S.A., Haroun, E.M., Gamel, A.A., Bushara, H.O. 

and  Taylor, M.G. (1986). Studies on heterologus resistance between 

Schistosoma bovis and Fasciola hepatica in Sudanese cattle. J. 

Helminthol. (60): 55-59  

Yamasaki, H, Aoki, T. and Oya, H. (1989). A cysteine proteinase from 

the liver fluke Fasciola spp.: purification, characterization, localization 

and application to immunodiagnosis. Japanese Journal of Parasitology, 

(38): 373-384. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Castro-Borges%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker-Manuel%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker-Manuel%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dowle%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashton%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasser%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=22019596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spithill%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=22019596


186 
 

Yamasaki, H., Kominami, E. and Aoki, T. (1992). 

Immunocytochemical localization of a cysteine protease in adult worms 

of the liver fluke Fasciola sp. Parasitology Research, (78): 574-580. 

Yamchi, J.A., Hajipour, N., Froushani, S.M.A. and Mojtaba, K. 

(2015). Comparison between in-house indirect ELISA and Dot ELISA for 

the diagnosis of Fasciola gigantica in cattle. Journal of Parasitic Disease, 

40(4): 1396-1400. 

Yin, H. Z. and Ye, B.Y. (1990). Studies on the karyotypes of Fasciola 

spp. Chinese. J. Parasitol. Parasitic Dis. (8): 124-126.  

Yokananth, S., Ghosh, S., Gupta, S.C., Suresh, M.G. and Saravanan, 

D. (2005). Characterization of specific and cross-reacting antigens of 

Fasciola gigantica by immunoblotting. Parasitology Research, (97): 41-

48.  

Youssef, F.G. and Mansour, N.S. (1991). A purified Fasciola gigantica 

worm antigen for the serodiagnosis of human fascioliasis. Transaction of 

the Royal Society for Tropical Medicine and Hygiene, (85): 535-537. 

Zimmerman, G.L., Nelson, M.J. and Clark, C.R.B. (1985). Diagnosis 

of ovine fascioliasis by a dot enzyme-linked immunosorbent assay. A 

rapid microdiagnostic technique. American Journal of Veterinary 

Research, (46): 1513-1515. 

 

 

 

 

 

 

 

 

 



187 
 

Appendix 1 

Preparation materials. 

1. Resolving buffer  MW(OH) = 121.14 

Tris – OH (base)                       18.15 

D. W                                         100ml 

Then adjust pH to 8.8 and complete to 100ml. 

2. Stacking buffer: 

Tris – Hcl                                  3gm 

D.W                                          40 ml 

Adjust pH to 6.8 and complete to 50 ml  

3. SDS Running buffer: 

Tris-OH                                      3.02 gm 

Glycine                                       14.4 gm 

SDS                                            1gm or 10ml 10% SDS 

4. Staining buffer: 

Glacial acetic acid (GAA)            5.75ml 

Coomassie Blue dye                    0.157 – 0.2 gm 

Methanol                                     28.5 ml 

dH2O                                           62.5 ml 

5. De-staining buffer: 

Glacial acetic acid (GAA)            10 ml 

Methanol                                     50 ml 

dH2O                                          100 ml 

6. SDS sample loading buffer: 

0.5 Tris-OH (pH 6.8)                  100 ml 

dH2O                                          4 ml 

Glycerol                                      0.8 ml 

SDS 10%                                    1.6 ml 

2-ß mercaptoethanol                   400 ul 

0.05% Bromophenol blue           200 ul 
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Appendix2 

 

 Composition of ELISA reagent and buffer: 

1- Coating buffer:- 

     Dissolve 1 tablet of carbonate-bicarbonate in 100ml D.W 

2- Phosphate Buffered Saline (PBS): 

     Dissolve 10 tablets of (PBS) in 1000 ml D.W 

3- Washing Buffer: 

     1000 ml (PBS) + 500 µl Tween twenty 0.05% 

4- Blocking Buffer: 

     Washing buffer + Skimmed milk (5%) 

     25ml (PBST) + 1.25g Skimmed milk 

5- Diluent Buffer (Blocking Buffer): 

     50ml (PBST) + 2.5g Skimmed milk 

6- Conjugate:  

Anti-Bovine IgG (whole molecule)-Peroxidase, antibody     produced 

in rabbit (SIGMA- Germany) IgG fraction of antiserum. 

7- Substrate: 

     TMP Peroxidase Substrate – Peroxidase Substrate Solution B  

      8- Stopping Solution:   M sulphuric acid. 

 

 

 

 

 


