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Fasciolosis is a worldwide zoonotic infection caused by liver flukes of the genus Fasciola, of which
Fasciola hepatica and a larger species, Fasciola gigantica are the most common representatives. These
two food-borne trematodes usually infect domestic ruminants and cause important economic losses to
sheep, goats and cattle. In commercial herds, fasciolosis is of great economic significance worldwide
with losses estimated to exceed 2000 million dollars yearly, affecting more than 600 million animals, in
articles reported a decade ago. In addition, F. hepatica causes an estimated loss of $3 billion worldwide
per annum through livestock mortality, especially in sheep, and by decreased productivity via reduction
of milk and meat yields in cattle. The parasitological diagnosis of fasciolosis is often unreliable because
the parasite’s eggs are not found during the prepatent period. Even when the worms have matured, the
diagnosis may still be difficult since eggs are only intermittently released. Repeated examinations of
stools are usually required to increase the accuracy of the diagnosis. Early diagnosis of fasciolosis is
necessary for institution of prompt treatment before irreparable damage of the liver occurs. For these
reasons, serology is the most dependable method for diagnosing fasciolosis. Attempts have been made
to diagnose fasciolosis by detecting antibodies in the serum of sheep suspected of being infected with
the flukes. Advances in immunodiagnosis have focused on detection of Fasciola antigens in host body
fluid; these tests have an advantage over antibody detection because antigenemia implies recent and
active infection. Similarly, somatic and excretory secretory (E/S) antigens of Fasciola sp. or their
partially purified component are the commonest source of antigens used in protection trials and
serodiagnosis. Thus, the aim of the present review is to encourage more young researchers to initiate
work on this aspect of these economically cosmopolitan parasites.
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INTRODUCTION

Livestock infection by the liver flukes like Fasciola losses worldwide. Mostly, the infection by members of the
hepatica and Fasciola gigantica causes major economic genus Fasciola, commonly known as liver flukes, may be
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responsible for morbidity and mortality in most mammal
species, but have particular importance in sheep and
cattle to livestock producers. Infection with F. hepatica
and F. gigantica is regarded as one of the most common
single helminth infection of ruminants in Asia and Africa
(Hammond and Sewell, 1990). Fasciola spp. parasitizes
a wide spectrum of domestic and wild animals (e.g.,
sheep, cattle, buffaloes and deer) and it causes a huge
economic loss of $3 billion annually to the agriculture
sector worldwide through losses of milk and meat yields
(Mas-Coma et al.,, 2005; Robinson and Dalton, 2009).
The immature flukes after penetrating the liver capsule
migrate into the liver hepatic tissue. This migration
usually cause trauma with hemorrhages, necrosis and
subsequent granulation end by liver cirrhosis (Ozer et al.,
2003). It has been reported that sheep and cattle do not
develop strong immunity to infection by Fasciola species,
or to re-infections, and this lack of resistance in ruminants
is believed to be associated with the inability of their
macrophages to produce nitric oxide. The parasitological
diagnosis of fasciolosis is often unreliable because the
parasite eggs are not found during the prepatent period
(Noureldin et al., 2004). Even when the worms have
matured, the diagnosis may still be difficult since eggs
are only intermittently released. Repeated examinations
of stools are usually required to increase the accuracy of
the diagnosis. Early diagnosis of liver fluke infection 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 depend-
able diagnostic method. Attempts have been made to
diagnose fasciolosis by detecting antibodies in the serum
patient suspected of being infected with the flukes
(Maleewong 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 E/S
antigens of Fasciola spp. or their partially purified
component are the commonest source of antigens used
in protection trials and serodiagnosis (G'nen et al., 2004).
Immunodiagnosis of parasitic disease is mainly based on
antibody detection (Fagbemi et al, 1999) and revealed
both recent and current infections with early diagnosis.
To obtain reliable diagnostic method or to identify crude
antigens, many authors prepared antigens from whole
worm (Hillyer et al., 1987) or from tegument (Charmy et
al., 1997) also coproantigen (Allan et al., 1996), egg
antigen (Khalil et al., 1989 and Abdel-Rahman and Abdel
Mageed, 2000), and excretory secretory products (Espino
et al.,, 1994). Currently, haemaglutination (HA), indirect
fluorescence antibody test (IFAT), immunoperoxydase
(IP), counter-electrophoresis (CEP) and enzyme linked

immunosorbent assay (ELISA) are used in the early
diagnosis of this disease, but they have some dis-
advantages such as cross reactions with other trema-
todes leading to false positive results. Therefore, the
reliability of these tests is not high. In recent years,
sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) and Western blotting procedures
have initiated a new era in immunodiagnosis which greatly
reduced cross-reactions. Enzyme-linked immunetro-
transfer blot analysis (EITB) or Western blotting is
evaluated in some research centers and encompasses
remarkable sensitivity and specificity in diagnoses of the
fasciolosis. Evaluation of sandwich ELISA and Dot ELISA
as an immunological assay is used for detecting Fasciola
copro-antigen and serum antigens in infected sheep, thus
presenting an experimental trial that could be of value in
providing a tool that may help in immunodiagnosis of
fasciolosis.

OBJECTIVES OF IMMUNODIAGNOSIS

The objective of research in immunodiagnosis of
fasciolosis is to develop rapid, cheap and technically
easy tests that can be used in epidemiological surveys to
evaluate the effects of various national or international
schemes of control in areas where these infections are
endemic. It should provide tests that have a high degree
of sensitivity and that are specific for each infection, thus
enabling their employment in immunodiagnosis even
when few parasites are available for direct parasitological
examinations. This is an important consideration in epide-
miological surveys since it is recognized that in endemic
areas, only a portion of the people carrying an infection
may present clinical symptoms. Research in immune-
assays also needs to provide tools that assess the
effectiveness of chemotherapy or other curative measures,
and thereby permit monitoring of treatment. Finally, it
should provide tests that identify those individuals or
animals that develop immunity to the infection. Such tests
will be valuable in assessing the efficacy of vaccine
programmes that can be expected in the future when
anti-parasite vaccination becomes available.

NEW DEVELOPMENTS ENCOURAGED

Progress in the development of RIA, ELISA and related
procedures has not yet, however, been so extensive as
to replace conventional techniques. The main pitfalls
have been the lack of commercial pressure to develop
test kits, and the lack of good reagents. The specificity
and sensitivity of the immunoassay depends on the
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Table 1. Immunodiagnosis: Antigen-antibody detection.
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S/N  Antigen catalogue Technigues Agents Sensitivity (%) Specificity (%) References
. . 95 i
1. Somatic antigen ELISA Sheep serum 8%%‘29)“559“ etal.
la. Somatic antigen IHA Sheep serum 86 Eil%rg;)llssen et al.
Crude excretory- .
95
2. secretory ELISA Sheep serum E:l‘ggze)“sse” etal.
products (ES)
Crude excretory- .
2a.  secretory IHA Sheep serum 86 Eilgrg;)llssen etal.
products (ES)
28 kDa antigen .
3 (purified from ES) ELISA 100 Dixit et al. (2002)
28 kDa antigen -
3a. (purified from ES) Western blot 100 Dixit et al. (2002)
28 kDa antigen N L.
3b. (purified from ES) Dipstick-ELISA 100 Dixit et al. (2002)
Sheep stool 0.3 ng/ml of F. hepatica ES Mezo et al
4, Ab MM ELISA 1
mAD 3 Copro S sample antigen (100% with 1 fluke ) 00 (2004, 2007)

technology and on the reagents used. Limitations are
now set by the lack of well-defined reagents and the false
positive and false negative reactions that are seen as a
consequence of this. The importance of the need for
improved immunodiagnostic tests to use in individual or
epidemiological studies is widely recognized and reflected
in the priorities established by the Special Programme on
Research and Training in Tropical Diseases of the
UNDP, World Bank, and WHO, as well as by the IAEA's
subprogramme component on parasitic diseases. Recent
advances in separation techniques, and the production of
antigens and antibodies using genetic engineering and
biotechnology, augur well with development of improved
serodiagnostic immunoassays using radionuclide and
other tracers. This development is being encouraged by
both WHO and IAEA.

TECHNIQUES USED FOR SERODIAGNOSIS OF
FASCIOLOSIS IN SHEEP

Immunodiagnosis: Antibody detection

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 sheep, such as the
indirect hemagglutination test (IHA) (Levieux et al., 1992),

indirect immunofluorescence assay (IFA) (Hanna and
Jura, 1977), ELISA and the Western immunoblot (Hillyer
and Soler de Galanes, 1988), Dot- ELISA (Shaheen et
al., 1989) and Micro-ELISA (Carnevale et al., 2001).

Antibodies to Fasciola spp. in infected hosts can be
detected by ELISA (Ab ELISA) as early as one to two
weeks post-infection (Hillyer et al., 1992), while eggs of
flukes are found in faeces only after 12 - 14 weeks of
infection (Burger, 1992). The Ab ELISAs have sensi-
tivities and specificities of 87-100 and 86-100%,
respectively. However, cross-reactions were seen with
serum samples obtained from patients with hydatidosis
and toxocariasis (Rokni et al., 2004) when using crude
excretory secretory products (ES) of adult worms as the
antigen. 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) (Table 1).

Immunodiagnosis: 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., 1994;
Fagbemi et al., 1997; Mezo et al., 2004).
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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).

Copro Ag-ELISA has been applied to detect ES
productions of Fasciola in stool samples by using mono-
clonal 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
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).
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% (Table 1).

CONCLUSIONS

Although, coprological techniques based on the
demonstration of eggs in faeces of the definitive host can
be seen as a “gold-standard”, these technique are not
always adequate, especially for diagnosis of human
fasciolosis, because during the long prepatent period
immature flukes do not lay eggs, and in the case of
ectopic migration of flukes, “false” positive results were
seen in some cases of humans following eating from
bovine livers harboring fluke eggs (Hillyer, 1999). Immuno-
logical techniques provide the advantage of being
applicable during all stages of the liver fluke lifecycle.
These are reliable detection approaches, especially
during the invasive or acute phases.

In spite of that, parasitological and immunological
techniques are useful tools in epidemiological studies to
estimate the prevalence and to map the presence of
human and animal fasciolosis (Hillyer, 1999). Several
serological techniques have also proved to be excellent
methods for monitoring post-treatment evolution (Mas-
Coma et al., 2005). The need to find and establish a new
sensitive and specific method and to decrease as much
as possible the cases of cross-reactions made us to
evaluate the EITB test in this regard.

Despite the numerous above-mentioned assays, the
serodiagnosis of naturally acquired fasciolosis in
ruminants-in contrast to experimental infections is not yet
entirely satisfactory and often rather limited. Recent
research efforts have concentrated on the isolation of F.
hepatica antigens by elution from polyacrylamide gels
and on the isolation and translation of messenger RNA

from adult F. hepatica.

Future investigations will show whether continued deve-
lopment of F. hepatica antigens by molecular biology
techniques can lead to an improved, widely applicable
and economical assay for the serodiagnosis of naturally
acquired fasciolosis.

Conflict of Interests

The author(s) have not declared any conflict of interests.

REFERENCES

Abdel-Rahman EH, Abdel Mageed KN (2000). Molecular identity of
major cross-reactive adult antigens in Fasciola gigantica, toxocara
vitulorum and Moniezia expansa. J. Egypt. Soc. Parasitol. 30:561-
571.

Abdel-Rahman SM, O'Reilly KL, Malone JB (1998). Evaluation of
diagnostic monoclonal antibody based capture enzyme-linked
immunosorbent assay for detection of a 26 to 28 kd Fasciola hepatica
coproantigen in cattle. Am. J. Vet. Res. 59:533-537.

Allan JC, 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.
Am. J. Trop. Med. Hyg. 54:352-356.

Burger HJ (1992). Helminthn, In: Veterinarmedizinische Parasitologie,
Korting, W. (Ed.) 4" (Ed.: Parey V.P.), Berlin: 174.

Carnevale S, Rodriguez MI, Santillan G, Labbe JH, Cabrera MG,
Bellegarde EJ, Velasquez JN, Trgovcic JE, Guarnera EA (2001).
Immunodiagnosis of human fascioliasis by an enzyme-linked
immunosorbent assay (ELISA) and a Micro-ELISA. Clin. Diagn. Lab.
Immunol. 8:174-177.

Charlier J, Duchateau L, Claerebout E, Williams D, Vercruysse J
(2007). Association between anti-Fasciola hepatica antibody levels in
bulk-tank milk samples and production parameters in dairy herds.
Prev. Vet. Med. 78:57-66.

Charmy RA, El-Kashef HS, ElGhorab NM, Gad HSM (1997).
Identification of surface tegumental antigens of normal and irradiated
schistosomula. J. Egypt. Soc. Parasitol. 27:479-491.

Cornelissen JB, De Leeuw WA, Vander Heijden PJ (1992). Comparison
of and indirect haemagglutination assay and an ELISA for diagnosing
Fasciola hepatica in experimentally and naturally infected sheep. Vet.
Q. 14:152-156.

Cornelissen JB, Gaasenbeek CP, Borgsteede FH, Holland WG,
Harmsen MM, Boersema, WJ (2001). Early immunodiagnosis of
fascioliasis in ruminants usingrecombinant Fasciola hepatica
cathepsin L-like protease. Int. J. Parasitol. 31:728-737.

Cornelissen JBWJ, Gaasenbeek CPH, Boersma W, Borgsteede FHM
Van Milligen FJ (1999). Use of pre-selected epitope cathepsin —L1 in
a highly specific peptide-based immunoassay for the diagnosis of
Fasciola hepatica infection in cattle. Int. J. Parasitol. 29:685-696.

Dixit AK, Yadav SC, Sharma RL (2002). 28 kDa Fasciola gigantica
cysteine proteinase in the diagnosis of prepatent ovine fasciolosis.
Vet. Parasitol. 109:233-247.

Espino AM, Marcet R, Finlay CM (1994). Detection of circulating
excretory secretory antigens in human fascioliasis by sandwich
enzyme-linked immunosorbent assay. J. Clin. Microbiol. 28:2637-
2640.

Fagbemi BO, Aderibigbe OA, Guobadia EE (1997). The use of
monoclonal antibody for the immunodiagnosis of Fasciola gigantica
infection in cattle. Vet. Parasitol. 69:231-240.

Fagbemi BO, Aderibighe OA, Guobadia, EE (1999). The use of
monoclonal antibody for the immunodiagnosis of Fasciola gigantica
infection in cattle. Vet. Parasitol. 69:231-240.

G'nen B, Sarimehmetolu HO, Koro M, Kiracali, F (2004). Comparison of
crude and excretory/secretory antigens for the diagnosis of Fasciola
hepatica in sheep by western blotting. Turk. J. Vet. Anim. Sci. 28:
943-949.



Hammond JA, and Sewell MMH (1990). Deseases caused by
Helminths. In: M. M. H. Sewell and D. W. Brocklesdy (Eds.),
Handbook of Animal Diseases in the Tropics, 4th edn, (CTVM,
Edinburgh University). pp. 119-123.

Hanna RE, Jura W (1977). Antibody response of calves to a single
infection of Fasciola gigantia determined by an indirect fluorescent
antibody technique. Res. Vet. Sci. 22:339-342.

Hillyer GM, Soler De Galanes M, Rodriguez-Perez J, Bjorland J, De
Lagrava MS, Guzman SR, Bryan RT (1992). Use of the falcon assay
screening test-enzyme-linked immunosorbent assay (FAST-ELISA)
and the enzyme-linked immunoelectrotransfer blot (EITB) to
determine the prevalence of human fascioliasis in the Bolivian
Altiplano. Am. J. Trop. Med. Hyg. 46:603-609.

Hillyer GV (1999). Immunodiagnosis of human and animal. In:
Fasciolosis (Dalton J.P.ed).CABI Publishing, Wallingford, UK: 345-
449.

Hillyer GV, De Weil NS (1987) Partial purification of Fasciolia hepatica
antigen for the immunodiagnosis of fascioliasis in rats. J. Parasitol.
63:430-433.

Hillyer GV, Soler de Galanes M (1988). Idenification of a 17-kilodalton
Fasciola hepatica immunodiagnostic antigen by enzyme-linked
immunoelectrotransfer blot technique. J. Clin. Microbiol. 26:2048-
2053.

Khalil HM, Makled MKH, El-Missiry AG, Khalil NM, Sonobol SE (1989).
The application of S. mansoni adult and soluble egg antigens for
serodiagnosis of schistomiasis by CIEB, IHA and ELISA. J. Egypt.
Soc. Parasitol. 19:872-843.

Langley RJ, Hillyer GV (1989). Detection of circulating parasitic antigen
in murine fascioliasis by two-site enzyme linked immunosorbent
assay. Am. J. Trop. Med. Hyg. 41:472-478.

Levieux D, Levieux A, Mage C, Venien A (1992). Early
immunodiagnosis of bovine fascioliasis using the specific antigen 2
in a passive hemagglutination test. Vet. Parasitol. 42:77-86.

Maleewong W, Wongkhan C, Intapan PM, Pipitgool V (1999). Fasciola
gigantic specific antigens: purification by a continuous-elusion
method and its evaluation for the diagnosis of human Fascioliasis.
Am. J. Trop. Med. Hyg. 61:648-651.

Tak et al. 25

Mas-Coma S, Bargues MD, Valero MA (2005). Fasciolosis and other
plant-borne trematode zoonoses. Int. J. Parasitol. 35:1255-1278.

Mezo M, Gonzalez-Warleta M, Carro C, Ubeira, FM (2004). An
ultrasensitivity capture ELISA for detection of Fasciola hepatica
coproantigens in sheep and cattle using a new monoclonal antibody
(MM3). J. Parasitol. 90:845-852.

Mezo M, Gonzdalez-Warleta M, Ubeira FM (2007). The use of MM3
monoclonal antibodies for the early immunodiagnosis of ovine
fascioliasis. J. Parasitol. 93:65-72.

Noureldin MS, EL-Ganaini GA, Abou EL-Enin AM, Hussein EM, Sultan
DM (2004). Evaluation of seven assays detectingserum
immunoglobulin classes andsubclasses and salivary and faecal
secretory 1gG against Fasciola excretory/secretory(ES) antigen in
diagnosing Fascioliasis. J. Egypt. Soc. Parasitol. 34:691-704.

Ozer BL, Ender SG, Yuksel G, Gurden YU, Sedat B. (2003).
Endoscopic extraction of living Fasciola hepatica: Case report and
literature review. Turk. J. Gastroenterol. 14(1):74-77

Robinson MW, Dalton JP (2009). Zoonotic helminth infections with
particular emphasis on fasciolosis and other trematodiases. Philos.
Trans. R. Soc. Lond. B Biol. Sci. 364:2763-2776

Rokni MB, Baghernejad A, Mohebali M, Kia EB (2004). Enzyme linked
immunotransfer blot analysis of somatic and excretory-secretory
antigens of Fasciola hepatica in diagnosis of human fascioliasis. Iran.
J. Public Health 33:8-13.

Shaheen HI, Kamal KA, Farid Z, Mansour N, Boctor FN, Woody JN
(1989). Dotenzyme linked immunosorbent assay (dot-ELISA) for
rapid diagnosis of human fasciolosis. J. Parasitol. 75:549-552.

Silva E, Castro A, Lopes A, Rodrigues A, Dias C, Conceicédo A, Alonso
J, Correia da Costa JM, Bastos M, Parra F, Moradas P, Moradas-
Ferreira P and Silva M (2004). A recombinant antigen recognized by
Fasciola hepatica-infected hosts. J. Parasitol. 90:746-751.



