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ABSTRACT

Review Article

Immunodiagnosis of Human
Fascioliasis: An Update of Concepts and
Performances of the Serological Assays

BAHADOR SARKARI', SAMANEH ABDOLAHI KHABISI?

Human Fascioliasis (HF) is a foodborne neglected parasitic disease caused by Fasciola hepatica and Fasciola gigantica. New
epidemiological data suggest that the endemic areas of the disease are expanding and HF is being reported from areas where it
was previously not observed. Diagnosis of HF is challenging. Performances of parasitological approaches, based on the detection
of parasite’s egg in the stool, are not satisfactory. Currently serological methods for the diagnosis of HF are mainly based on
detection of anti-Fasciola antibodies in serum. Although, there have been some improvement in the development of immunological
diagnostic tests for the diagnosis of HF, yet these tests suffer from insufficiency in sensitivity or/and specificity.

Detection of antigens, rather than antibodies, seems to be a suitable approach in the diagnosis of HF. Antigen can be detected
in sera or stool of the fascioliasis patients. Circulating antigen in serum disappears within a short time and most of the circulating
antigens are in immune complex forms which are not freely available to be detected. Therefore, antigenemia might not be an
appropriate method for the diagnosis of HF. Detection of antigen in stool (coproantigens) seems to be a suitable alternative method
for the diagnosis of HF. Recent data provided convincing evidence that detection of coproantigen improved and simplified the

diagnosis of HF.

The present review highlights the new achievements in designing and improvement of diagnostic approaches for the
immunodiagnosis of HF. Moreover, current status of the available immunodiagnostic techniques for the diagnosis of HF, their

strengths and weaknesses has been discussed.

SEARCH CRITERIA AND DATA EXTRACTION
All the related published literature cited within PubMed, ISI web
of science, Google Scholar, and Scopus were searched. The
search terms were “fasciolosis”, “fascioliasis”,“human fascioliasis”,
“human fasciolosis”, subsequently combined with the search
terms “diagnosis”, “serodiagnosis”, “parasitological diagnosis”,
“coproantigen”, or “antibody detection”. A few studies were also
found by back tracing of the reference lists of the articles. Data were
extracted from those papers which fulfilled our eligibility criteria.

INTRODUCTION

HF is a food borne neglected parasitic disease caused by Fasciola
hepatica and Fasciola gigantica [1]. Approximately 2.5-17 million
people are infected with HF and an increase of HF cases has been
reported from many countries [1,2]. The highest prevalence of HF
has been reported from highlands of South American (Bolivia, Peru),
Nile Delta in Egypt, China, Spain, Vietnam and also Iran [2-5].

Performances of parasitological diagnostic approaches, based
on the detection of parasite’s egg in the stool sample, are not
satisfactory. This is mainly because of the absence of egg in stool
sample, which may be due to the inability of Fasciola to produce eggs,
due to its lack of adaptation to the human host, or encapsulation
of eggs in liver granuloma or abscesses and low egg shedding due
to low infection burden or old infection [6]. Besides, termination
of egg shedding in the advanced chronic phase of fascioliasis is
not uncommon. Furthermore, humans are not a suitable host
for Fasciola; therefore the fluke may not attain maturity in human
subjects. This may result in human biliary fascioliasis cases without
egg shedding [6]. In fascioliasis cases with scanty eggs shedding;
more specific methods such as Kat-Katz is needed to detect the
eggs in the stool samples.

Juvenile fluke may sometimes deviate while migrating from the
intestine to the liver and enter different other organs such as
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subcutaneous tissues, peritoneum or infrequently in brain and lung
[7]. It is obvious that parasitological diagnosis is not helpful in such
ectopic cases.

In France, in a study of 711 fascioliasis cases, eggs were found in
only 27.6% of cases [8]. Inastudy done by De N et al., in Vietnam,
only 16.9% of Fasciola gigantica infected cases were egg positive
[9]. In an outbreak of HF in Kermanshah in the western part of Iran,
none of serologically proven fascioliasis cases were egg positive
[10]. In a study in Mexico, Fasciola eggs were detected in only
14 out of 50 fascioliasis cases [11]. In a series of 23 cases of
hepatic fascioliasis in Egypt, confirmed by serological test (HAT)
along with imaging and clinical presentation, only two cases were
egg positive [12].

Immunodiagnosis, based on antigen or antibody detection, are the
appropriate approaches for the diagnosis of HF. This is because
in HF, incubation period usually ranges from a few days to 2-3
months, while the prepatent period is 3-4 months or even longer.
Therefore, the patient usually present clinical signs or symptoms
long before than the egg appears in the stool. However, antibodies
to Fasciola antigens can be detected in patient’s sera two weeks
after infection, showing that serological tests are the appropriate
techniques for the diagnosis of infection. Furthermore, antigen can
be detected in sera or stool of patients about eight weeks after the
infection, again long (around two months) before the beginning of
egg shedding [6].

Currently available serological methods for the diagnosis of HF are
mainly based on the detection of anti-Fasciola antibodies in serum.
Antibody detection tests are not suitable for post treatment follow
up of patients, since antibodies may persist for at least 4-5 months,
or may be some years, after successful treatment. In one study, anti-
Fasciola antibodies became negative after two months of treatment
in 40% of successfully treated patients [13]. In another study, IgG
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ELISA became negative in more than 80% of cases in first month
and in 95% of cases after four months [14].

Detection of antigen, rather than antibodies, seems to be a suitable
alternative approach in the diagnosis of a few of parasitic diseases
including HF [15-18]. Antigen can be detected in sera, urine or
stool of the fascioliasis patients. In fascioliasis, antigenemia develop
during the invasive course of infection (as early as two week post
infection), and decrease and become undetectable in later phases
of infection.

Circulating antigen in serum disappears within a short time and
most of the circulating antigens are in immune complex forms
which are not freely available to be detected. Above this, there are
interfering elements in human sera which reduces the applicability
of diagnostic tests which are based on the detection of antigen in
human sera. Therefore, antigenemia might not be an ideal method
for the diagnosis of HF.On the other hand, detection of antigen in
stool (coproantigens) seems to be the most suitable method for the
diagnosis of HF.

Antigen Detection Approaches For the Diagnosis of
Human Fascioliasis

Having the following criteria, it appears that coproantigen detection
assays are the most appropriate approaches for the diagnosis of
HF:

e  Satisfactory sensitivity and specificity.

e Ability to evaluate large number of sample for large community
survey.

e Ability to detect the antigen in acute, early (about two months
before egg shedding) and chronic phases of infection.

e Applicability for post treatment follow up.
e Capability for detection of re-infection.
e Usefulness for surveillance programs.

e Ability to detect the infection in subjects, shedding very low
number of eggs.

Several antigen detection assays with diverse sensitivity and
specificity have been utilized for the diagnosis of HF, based on
detection of Fasciola Circulating Antigens (CAs) or coproantigens.
The principal approach for the detection of antigen in stool sample
is a sandwich ELISA, using polyclonal or monoclonal or both
antibodies. Batch to batch variability is one of the main drawbacks
of polyclonal antibodies in diagnostic tests [19-21]. This has
been improved by development of assays based on monoclonal
antibodies, which improved the reproducibility of the assays. Quite
a few monoclonal or polyclonal antibodies have been produced
against different antigens of Fasciola hepatica or Fasciola gigantica
and have been used in antigen capture ELISA for the diagnosis of
HF [19, 20, 22-24].

Utilizing polyclonal antibodies, raised against proteins in sandwich
ELISA system for the diagnosis of HF achieved a diagnostic efficacy
of 95.52% for coproantigen (sensitivity of 96.4% and specificity of
94.8) and 87.93% (sensitivity of 94.74% and specificity of 84.62%)
for detection of CA [25].

Demerdash ZA et al.,, produced two monoclonal antibodies
against Excretory-Secretory (ES) antigens of Fasciola gigantica
and evaluated their performances in the detection of CA and
coproantigens in fascioliasis patients. Capture ELISA, based on
these monoclonal antibodies had diagnostic efficacy of 94.3% and
97.1 for detection of antigen in serum and stool, respectively. It
was concluded that detection of coproantigens in stool specimens
is superior to the serum samples. A positive correlation was found
between ova count in stool and the Optical Density (OD) of ELISA
[20].

Polyclonal antibody against Fatty Acid Binding Proteins (FABPs) was
generated in rabbits and used in sandwich ELISA for detecting of
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coproantigen in the stool and CA in the sera of Fasciola infected
patients. The sensitivities of sandwich ELISA test were 96.43% and
94.74%, and the specificities of the test were 94.87% for the detection
of coproantigen and 84.62% for the detection of CA [25].

Evaluating the dynamics of antigenemia and coproantigen in HF
patients revealed that CA cannot be detected in patients with patent
infection while coproantigens were clearly detected in all patients
with patent infection [26].

Sabry H and Mohamed S, reported a sandwich ELISA, based on
detection of CA, with 92.4% sensitivity and 94.7% specificity [27].
Promising results were obtained in Attallah Am et al., study when
they applied a sandwich ELISA for detection of a 27 kDa antigen
of Fasciola gigantica in human sera. The test provided high degree
of sensitivity/specificity and efficiency (>93%). Correlation between
Egg Per Gram (EPG) and antigen level was significant in this test
[28].

Fasciola antigen can also be detected in urine of fascioliasis patients.
CA of Fasciola in urine and also in serum has been evaluated by a
sandwich ELISA, using a monoclonal antibody produced against
Fasciola antigen. Sensitivity of the assay in detecting CA in sera and
urine of fascioliasis patients was 100% while their specificities were
98 and 97 %, respectively [29].

ES78 along with MM3 are amongst the most widely used
monoclonal antibodies for the diagnosis of fascioliasis. These
two monoclonal antibodies have been used in FasiDIG and
MMB3-COPRO tests, respectively [24,30]. Performance of MM3-
COPRO test, for detection of Fasciola coproantigen in preserved
stool sample (up to 120 days in 37°C) was evaluated, using a
CoproGuard preservative diluent. Results showed that using
CoproGuard enhances the coproantigen extraction, without
affecting the detection limit of the assay [31].

A few commercial kits including Bio-K ELISA and FasciDIG IPK
La Havana are now available for detection of Fasciola antigens for
the diagnosis of animal fascioliasis. The Bio-K ELISA was used in
a study by the authors on 99 stool samples from ruminants in Iran
and showed a sensitivity of 96.7% and specificity of 100% [22].

MM3-COPRO has been designed for the diagnosis of HF and
evaluated for community survey [32]. The assay has been used for
diagnosis of HF in children in Bolivia in comparison with Kato Katz,
and achieved a sensitivity of 94.68% and specificity of 98.48%.
When the assay was used in Peru, a sensitivity of 94.73% and
specificity of 93.58% were found for the test, using Kato Katz and
rapid sedimentation, together, as standard method. MM3-COPRO
was found to be negative in six egg passing cases, one case with
EPG as high as 1248 [32].

Controversy exists about the relation of OD in ELISA and intensity of

infection. While a few authors reported positive correlation between

EPG and ELISA OD [28], few others have not found such correlation

[28,31,32]. Detection of circulating immune complexes in serum of

fascioliasis patients were found to be correlated with egg shedding

in stool [33].

In a study by Valero MA et al., no correlation was found between

the OD of coproantigen detection ELISA and EPG, although there

was a correlation between these two factors in low burden (<400

EPG) cases [32].

Based on these findings, Mas-Coma S et al., suggested that

coproantigen technique appears to be insufficient to evaluate

fascioliasis intensity [6].

Although, very valuable, but coproantigen detection based assays

have a few drawbacks as follows:

e Subjects shedding eggs but having negative coproantigen test
have been reported [32].

e False negative results might be seen in patients with
encapsulated worm in liver abscess or ectopic fascioliasis.
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e In low burden infection, coproantigen detection test may be
negative

e Coproantigen tests, as well as antibody detection assays,
are not able to differentiate Fasciola hepatica from Fasciola
gigantica.

Differences in performance of antigen detection assays are

contributed to differences in composition of ES antigen, differences

in protocol of antigen preparation or variation in ES composition,
obtained from different hosts.

Antibody Detection Approaches for the Diagnosis of
Human Fascioliasis

Numerous antibody detection systems have been introduced for
the diagnosis of HF and a few of them, including DRG Fasciola
hepatica lgG ELISA (DRG International, Inc., USA), are commercially
available. One of the main advantages of antibody detection assay
in fascioliasis is that antibody can be detected nearly two weeks
post infection, which is about 2-3 months before the presence
of eggs in the faeces. Early diagnosis and appropriate treatment
of HF may avoid tissue (liver) damages. Thus, antibody detection
is a suitable method for early diagnosis and management of the
disease.

Spurious infections may happen by consumption of infected animal
livers a short time before sampling. Placing the patient on a liver or
even meat free diet and follow up of the patient by repeating the stool
examination is the main recommended method for excluding the
true fascioliasis. Serological tests can also rule out these spurious
infections as these cases have negative serological test.

Performances of the currently available serological antibody
detection tests are not satisfactory, since their specificity is far from
satisfaction due to cross reaction with other helminthic antigens.
This is mainly due to the complexity and huge differences in the
immunogenicity of Fasciola antigens in humans and also animals.

Serological tests are useful for the diagnosis of acute, when the
parasite eggs are still not produced, as well as chronic fascioliasis.

Pitfalls and challenges regarding the antibody based serological
assays for the diagnosis of HF include:

e Lack of optimal test system.
e |ack of sensitivity.

e |ack of specificity; due to cross reaction with other helminthes
antigen.

e |Lack of ability to differentiate between Fasciola hepatica and
Fasciola gigantica.

e Incapability to measure the intensity of infection and parasite
burden.

e Unsuitability for follow up of the treatment, as anti Fasciola
antibodies take time to return to negative and undetectable
levels.

e Inability to differentiate between past and present infection.

Cross reactivity with other helminthic infections is a main drawback
of antibody detection assays in diagnosis of HF. The use of subunit
antigen, purified from somatic or ES antigens, has significantly
improved the performances of such immunodiagnostic tests.

Due to its simplicities and appropriate performance, researchers
have focused on improving ELISA system for detection of anti
Fasciola antibodies for the diagnosis of HF. Numerous antigens
including crude extract of Fasciola hepatica or Fasciola gigantica,
ES antigens, purified antigen from ES or crude antigen, synthetic
and also recombinant antigens have been evaluated in a variety
of immunodiagnostic systems for the diagnosis of HF. The most
common considered antigens of Fasciola which have been utilized
for the diagnosis of HF are discussed below:

ES antigen: ES antigen is the most common antigenic source
which has been used in different diagnostic assays for the diagnosis
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of HF. It is now more common to purify a component of ES and
use it in the diagnostic test. Using ES antigen of Fasciola gigantica,
anti Fasciola antibody was detected in 98% of fascioliasis patient in
Mattar MA et al., study [34]. The 27 KDa antigen and cathepsins are
the most studied component of ES in both Fasciola hepatica and
Fasciola gigantica.

Antigens of 23 and 17 KDa of ES were found to be reactive with
most of HF patient’s sera. These two antigens had 95.5% sensitivity
and 100% specificity in western blotting, for the diagnosis of HF
[35].

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) pattern of ES antigen of Fasciola hepatica and Fasciola
gigantica was reported to be different where 18, 27, 29, 48, and 62
kDa bands were common in both species, bands of 19, 45, 55 and
58 kDa were exclusively detected in Fasciola hepatica ES antigen
[36]. Rabbit polyclonal antibodies, raised against Fasciola hepatica
and Fasciola gigantica ES antigen, reacted with protein bands of
25, 27, 29, 62 and 67 kDa [36].

Cathepsin: Cathepsins, mainly Cathepsin L1 (CL1), are the most
important cysteine protease secreted by Fasciola spp. and also
the most evaluated antigen which has been widely used for the
development of serological tests for the diagnosis of HF. Both
recombinant and native counterparts of cathepsins provide
acceptable performance in diagnostic assays. B cell epitopes of
CL1 have also been evaluated for diagnosis of HF with satisfactory
results [37,38]. Two synthesized B cell epitopes of Fasciola
gigantica CL1, have been used in a peptide based ELISA, for
the diagnosis of HF. The assay had 100% sensitivity and 97.3%
specificity [38].

Gottstein B et al., evaluated two ELISA systems, based on
recombinant Saposin-Like Protein 2 (SLP) and CL1 for diagnosis of
HF. Superior performance was reported for SLP with sensitivity of
87% and specificity of 99% [39].

Another, ELISA system based on recombinant SLP developed
by Gonzales Santala B et al., was found to have a sensitivity and
specificity of 99% in diagnosing HF [40].

A lateral flow immunoassay (SeroFluke) for diagnosis of HF was
developed based on MM3 monoclonal antibody, as detector
antibody, and recombinant CL1 from Fasciola hepatica [41]. The
test can be performed on whole blood or serum, in comparsion
to MM3-SERO, which can be performed only on serum. The
SeroFluk test can be done in few minutes, with minimal training,
can be done on whole blood, and it allows individual testing of
patients.

Utilizing CL1 purified from ES antigen of Fasciola in an ELISA system
had sensitivity and specificity of 100% for the diagnosis of HF in
Guilan province, in Iran [42]. Using CL1 cystein proteinase, O’Neill
SM et al., showed that CL1-ELISA that detects IgG4, provided a
more conclusive diagnosis [43].

Two cysteine protease of Fasciola gigantic (Fas 1 and Fas 2),
obtained from regurgitated materials of adult worm were evacuated
by Rabee | et al., in an ELISA system. Fas 1 had better sensitivity
(91.1%) and specificity (89.1%) for the diagnosis of HF [44].

A Fas 2-ELISA system was developed by Espinoza JR et al., for
diagnosis of fascioliasis in children in Peru, with 92.4% sensitivity
and 83.6% specificity. No association between ELISA OD and
infection intensity was seen [45].

Comparison of cysteine proteinase and adult somatic antigen of
Fasciola gigantica in an ELISA system revealed that the cysteine
proteinase antigen provides higher diagnostic value [46].

Application of recombinant CL1 of Fasciola gigantica in an ELISA

system for diagnosis of Fasciola gigantica infected patients exhibited
sensitivity of 100% and specificity of 98.9% [47].
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Fasciola spp. 27 kDa antigen: It has been reported that the ES of
Fasciola gigantica comprises of more than six polypeptides which
react with sera of fascioliasis patients. Among these antigens, the
27 kDa antigen was reported to react with all of patients’ sera but
not with sera of healthy controls [48]. In line with this study, the
antigenic components of ES of Fasciola hepatica was evaluated by
Sampaio-Silva ML et al., and the findings showed that the 27 kDa
antigen was recognized by the sera of all of fascioliasis patients
[49].

A 27 kDa antigen of Fasciola gigantica obtained from SDS-PAGE of
adult worm was evaluated for diagnosis of HF in a Dot-Blot assay
with 100% sensitivity [50]. In a similar study, a 27 kDa antigen of
ES components of Fasciola gigantica was purified by HPLC and
employed in ELISA for the diagnosis of HF in Vietnam. Results
showed a high sensitivity (100%) and specificity (97.6%) [51]. The
system then applied for the diagnosis of clinically suspected cases
of HF. Antibody was found in 25.9% of cases, of whom only 8%
were egg shedding. Proper response of seropositive cases to
triclabendazol treatment confirmed the HF in patients [51].

The 27 kDa antigen of both Fasciola hepatica and Fasciola gigantica,
excreted by the parasite, seems to be an immunodominant antigen
with a high diagnostic value. The antigen appears to have both N
and O-glycan. It has been demonstrated that the major antigenicity
of this antigen is due to its protein epitopes since the deglycosylted
antigen retain its antigenicity [52].

An ELISA system based on the detection of 27-kDa antigen of
Fasciola gigantica was developed with high degrees of sensitivity
and specificity (>93%). A significant correlation was found between
egg count and antigen level in this study [28]. In line with this studly,
antigen of 27-28 kDa of Fasciola hepatica have been purified from
the parasite ES antigen, and was reported as a potential candidate
for the diagnosis of HF [53].

A dot-ELISA, using the 27 kDa antigen of Fasciola gigantica, had
98.2% sensitivity and 100% specificity in the diagnosis of HF [54].
The 27 kDa antigen of Fasciola hepatica was evaluated in ELISA
and western blotting for diagnosis of fascioliasis patients in Iran with
sensitivity and specificity of 91.6% and 100% for western blotting
and 100% and 93.6% for the ELISA [55].

Saposin: An indirect ELISA, using SLP 2, was developed for
detection of IgG antibodies against Fasciola hepatica in human
sera. Sensitivity of 100% and specificity of 95.6% were reported for
this system [56].

Other components of ES or adult worm antigens: Proteomic
approach and immunoblotting techniques revealed that the
enzyme Leucineaminopeptidase (LAP) and phosphoenolpyruvate
carboxykinase are two immunodominant antigens which reacted
with sera of HF patients [57]. Using two recombinant antigens of
Fasciola hepatica, ferritin (FhFtn_1) and a tegument-associated
protein (FNTP16-5) in ELISA systems yielded sensitivity of 96.6%
and 91.4% and specificity of 95.7% and 92.4%, respectively [58].
A recombinant thioredoxinperoxides of Fasciola gigantica has been
evaluated for diagnosis of HF with low (66.7%) sensitivity but high
(96.8%) specificity [59].

Detection of Ig Isotypes or IgG Subclasses

Polyspecific responses are a feature of human immunity against
fascioliasis that is mainly related to complexity of Fasciola antigen.
In human, IgG1, and IgG4 are the most abundant antibodies
produced against Fasciola antigens, including ES, crude, CL1 and
tegumental extract. Detection of IgG4 provides higher performance,
in comparison to other subclasses of IgG, in diagnosis of HF.

In a study by Morales A and Espino AM, IgG1 and IgG4 were the

main isotypes of antibodies detected in HF patients by an ELISA,
using Fasciola hepatica tegument protein [60]. Two B cell epitopes
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of Fasciola gigantica CL1 have been synthesized as single peptide
and used in ELISA for detection of IgG4 antibodies in sera of HF
patients. The sensitivity and specificity of 100 and 99.7% have been
reported for the assay [61]. In another study, IgG4 provided the
highest diagnostic value in an ELISA system, using recombinant
Fasciola gigantica CL1 antigen [62]. Hassan MM et al., reported
that IgG4 has the highest specificity (diagnostic value) in diagnosis
of HF. It was reported that the level of antibody was unchanged, one
month after the treatment, [63].

CONCLUSION

Parasitological examinations, although considered as the gold
standard and the way for differential diagnosis in some situations,
are not useful for the diagnosis of HF during the acute phase of the
disease and suffer from the poor sensitivity during the chronic phase.
Detection of anti-Fasciola antibodies has the main advantages
of being positive as early as two weeks post infection, far before
presence of eggs in the feces. However, antibody detection assays
suffer from the lack of sensitivity and specificity and incapability to
differentiate between the past and present infections.

Recent data provided convincing evidence that detection of
coproantigen improved and simplified the diagnosis of HF. Antigen
can be detected in sera or stool of the fascioliasis patients. It seems
that detection of coproantigen fulfill the requirement expected
from a non-invasive and reliable technique for the diagnosis of HF.
Although a few commercial antigen detection tests are available for
the diagnosis of animal fascioliasis, but the need for development
and improvement of serological tests for the diagnosis of HF is much
greater than for animals. Promising results have been obtained with
a few of antigen detection-based assays for the diagnosis of HF. Yet
these assays need proper field evaluation.
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