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Sera obtained from human patients, calves, sheep, and rabbits infected with Fasciola hepatica were tested by
the Falcon assay screening test enzyme-linked immunosorbent assay (FAST-ELISA) and the enzyme-linked
immunoelectrotransfer blot (EITB) techniques with Fasciola hepatica excretory-secretory antigens in order to
evaluate their immunodiagnostic potential. The study included sera from 13 patients infected with F. hepatica
or a history suggesting fascioliasis, 5 patients infected and treated with bithionol or praziquantel (3 were cured
with bithionol), 10 patients infected with Schistosoma mansoni, 6 infected with Trichinella spiralis, and 13
controls and sera from calves, sheep, and rabbits with a primary F. hepatica infection. By FAST-ELISA with
F. hepatica excretory-secretory antigens, the serum samples from fascioliasis patients gave the highest
absorbance values, and the schistosomiasis patient sera gave intermediate values compared with a normal
human serum control. Also by FAST-ELISA, the values for serum from patients with fascioliasis decreased
steadily after cure, reaching normal levels 20 to 47 weeks postcure. In contrast, the serum from two patients
who had been treated but were not yet cured had high levels of antibodies for up to 3 years of infection. By
EITB, the serum samples from humans, rabbits, cattle, and sheep with fascioliasis recognized two antigenic
polypeptides of 17 and 63 kilodaltons (kDa) in the form of sharp bands. For humans, this recognition lasted for
at least 3 years of infection. Sera from individuals with schistosomiasis mansoni or trichinosis or from normal
controls did not recognize the 17-kDa F. hepatica antigenic polypeptide. However, serum from one human with
S. mansoni and one with T. spiralis infection had slight bands in the 63-kDa region, suggesting cross-reactivity.
Reactivity to the 17-kDa polypeptide was absent in fascioliasis patients at 1 year postcure. Reactivity to the
63-kDa polypeptide was significantly diminished in fascioliasis patients at 1 year postcure. The sera from
rabbits with a primary F. hepatica infection also recognized both the 17- and 63-kDa antigenic polypeptides by
week 4 of infection. Reactivity to both antigens diminished significantly 6 weeks postcure and disappeared by
8 weeks postcure. The sera from infected cattle and sheep recognized these two antigenic polypeptides by week
8 of infection. These studies suggest that the 17-kDa F. hepatica excretory secretory antigen is an excellent
candidate for the immunodiagnosis of acute and chronic fascioliasis. Purification of this antigen and its
application to quantitative serologic tests will permit further analysis of its predictive value to evaluate cure.

Fasciola hepatica worms mature and lay eggs after 8
weeks of infection. However, symptoms often occur much
earlier, at which time eggs would not be found in stool
examination, making definitive parasitological diagnosis by
this means ineffective. In addition, in humans the parasite
eggs are often not found even after repeated stool examina-
tions. Thus, serodiagnosis of fascioliasis is a useful alterna-
tive to parasitologic diagnosis (4).

Numerous antigens and test systems have been used for
the serodiagnosis of fascioliasis, and numerous attempts
have been made with conventional chromatographic tech-
niques to isolate and characterize potential specific somatic
or excretory-secretory (ES) antigens to define infections (4,
10).

The enzyme-linked immunoelectrotransfer blot (EITB)
technique described by Tsang et al. (13, 14) is a precise tool
for identifying the molecular weights of potential sero-
diagnostic antigens. This method was used to identify an F.
hepatica ES antigen of 17 kilodaltons (kDa) which is recog-
nized by the serum of humans, calves, sheep, and rabbits
with fascioliasis, does not cross-react with the sera from
humans with schistosomiasis mansoni or trichinosis, and
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disappears after successful chemotherapy, making it a po-
tentially immunodiagnostic antigen.

MATERIALS AND METHODS

Antigens. F. hepatica ES antigens were isolated from live,
adult worms essentially as described in Santiago and Hillyer
(11). Live, intact adult F. hepatica worms were obtained
from bovine livers at a local abbatoir and washed three or
four times at room temperature during a 1-h period with 0.01
M phosphate-buffered saline, pH 7.2. The key element in the
wash process is to remove all traces of blood and bile prior
to the 3-h incubation in 0.01 M phosphate-buffered saline,
pH 7.1, at 37°C. After incubation, the medium was collected
and concentrated by vacuum dialysis. The antigen prepara-
tion was centrifuged at 5,000 X g at 4°C, and the supernatant
was collected. Protein concentration was determined by the
Bradford method (1), and the antigens were stored at —80°C.
Sodium dodecyl! sulfate-polyacrylamide gel electrophoresis
of ES obtained in this manner showed that it was composed
primarily of a large cluster of proteins of 19 to 26 kDa and
isolated bands of 17 and ca. 63 kDa (11).

Sera. The following human sera were used in this study. (i)
Sera from 13 patients infected with F. hepatica (5 defined by
coprology, 8 by serology [4]). Of these patients, three were
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treated with bithionol (50 mg/kg) and two with praziquantel
(25 mg/kg) and followed parasitologically by the modified
Ritchie formol-ether concentration method (9) for up to 3
years.

(ii) Sera were obtained from six individuals infected with
Schistosoma mansoni, as determined by the presence of
parasite eggs in their stools (9), and four individuals positive
serologically by the circumoval precipitin (COP) reaction
).

(iii) Sera from six individuals with confirmed trichinosis
were kindly donated by Shirley Maddison, Centers for
Disease Control, Atlanta, Ga.

Normal human serum samples were obtained from 13
individuals with no history of eating watercress and were
negative by enzyme-linked immunosorbent assay (ELISA)
against S. mansoni soluble egg antigen (SEA) and F. hepat-
ica ES antigens.

The following sera from animals experimentally infected
with F. hepatica were used in this study. (i) A 7-week-old
New Zealand White rabbit was prebled, infected with 30 F.
hepatica metacercariae, bled periodically for 20 weeks,
treated with a curative dose of rafoxanide (Merck) (6), and
bled for an additional 30 weeks. (ii) Five 6-month-old calves
were prebled, infected with 500 F. hepatica metacercariae,
and bled at 2-week intervals for 10 weeks. Each of the five
2-week serum samples obtained from each bleeding was
pooled for use in this study. (iii) Five sheep were prebled,
infected orally with 400 F. hepatica metacercariae, and bled
at 2-week intervals for 10 weeks. Each of the five 2-week
serum samples obtained from each bleeding was pooled for
use in this study. '

Immunologic tests. The Falcon assay screening test
ELISA (FAST-ELISA) was done as described by Hancock
and Tsang (3). The antigen concentration for the assay was 4
pg/ml. All sera were tested at twofold dilutions from 1:32 to
1:256. Goat anti-human immunoglobulin G (IgG) plus IgM
plus IgA (heavy- and light-chain specific [H+L]) (Kirke-
gaard & Perry Laboratories, Inc. [KPL], Gaithersburg, Md.)
affinity-purified peroxidase-labeled conjugates were used at
a 1:300 dilution in 0.3% phosphate-buffered saline-Tween.
The reactions were read on a Bio-Rad Laboratories 2550
ELISA reader at 600 nm.

The EITB was done as described by Tsang et al. (13, 14)
and Santiago and Hillyer (11). All sera were tested at a 1:200
dilution. The following affinity-purified peroxidase-labeled
conjugates were used (at a 1:2,000 dilution): goat anti-human
IgG+IgM+IgA (H+L) (KPL), goat anti-bovine IgG (H+L)
(KPL), goat anti-rabbit IgG (H+L) (Bio-Rad), and rabbit
anti-sheep IgG (H+L) (KPL).

RESULTS

The first question was whether F. hepatica ES antigens
could identify antibodies in the serum of patients with
confirmed fascioliasis (n = 3) or suspected of having fascio-
liasis due to history (n = 7) by FAST-ELISA, and this was
indeed the case (Fig. 1). The second question was whether
F. hepatica ES antigens cross-reacted with the serum of
individuals infected with S. mansoni (confirmed by stool
examination, n = 6; confirmed by positive COP reaction,
n = 4). As can also be seen in Fig. 1, the serum samples from
individuals infected with F. hepatica had the highest absorb-
ance values against F. hepatica ES antigens, and the sera
from the individuals infected with S. mansoni had interme-
diate but clearly reactive levels compared with a normal
control pool.
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FIG. 1. FAST-ELISA with F. hepatica ES antigens reacted
against normal human serum (NHS) or the serum of humans
infected with F. hepatica (Fh) of S. mansoni (Sm). Abs, Absorb-
ance.

The third question was whether FAST-ELISA with F.
hepatica ES antigens could be used to monitor the success of
chemotherapy in patients with fascioliasis. Figure 2 shows
the absorbance values for samples from three patients
treated and cured with bithionol and followed up for up to 50
weeks. Before treatment, all three patients with fascioliasis
had serum absorbance values similar to the positive control
serum. In one patient, antibody levels increased slightly 2
weeks posttreatment (Fig. 2a) and then decreased by S
weeks posttreatment, steadily decreasing thereafter toward
normal values through the 23 weeks posttreatment tested. In
the second patient, antibody levels decreased within 3 weeks
posttreatment, steadily decreasing thereafter toward normal
values through the 47 weeks posttreatment tested. In the
third patient, antibody levels dropped near to normal values
by 16 weeks posttreatment, remaining at these low levels
through 50 weeks tested.

The antibody absorbance patterns of samples from two
patients treated with praziquantel and not cured of fascio-
liasis were followed for 83 and 147 weeks posttreatment. As
seen in Fig. 3, the antibody levels of these two infected
patients remained high during the follow-up period, which in
one case was almost 3 years.

In order to best define the F. hepatica ES antigenic
polypeptides seen in infected patients, the EITB was per-
formed. Sera from the five patients infected with F. hepatica
as defined parasitologically all reacted in EITB, producing
multiple bands. An apparently nonspecific cluster of 2+
bands was seen at ca. 29 kDa (Fig. 4). One remarkable
observation was that the serum from all F. hepatica-infected
individuals had antibodies which reacted with the 17- and
63-kDa bands. Moreover, all eight serum samples from
patients having antibodies to F. hepatica ES antigens also
had antibodies which reacted with the 17- and 63-kDa bands.
In addition, the three patients who received curative doses
of bithionol had their antibody levels to the 17-kDa antigenic
polypeptide diminish rapidly (12 to 16 weeks postcure). In
the same patients, antibody levels to the 63-kDa antigenic
polypeptide diminished more slowly (16 to 26 weeks), requir-
ing almost 1 year for total disappearance. Representative
EITBs showing these patterns are shown in Fig. 4 and 5. The
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FIG. 2. FAST-ELISA of serum from three fascioliasis patients reacted with F. hepatica ES antigens. These patients were treated with
bithionol and cured of infection as determined by multiple parasitological examinations (formol-ether concentration method). Abs,
Absorbance; NHS, normal human serum; POS, positive control serum. Numbers beside symbols indicate weeks posttreatment.

serum from patients treated with praziquantel but not cured
did not have diminished antibody to the 17- and 63-kDa
antigenic polypeptides up to 147 or more weeks posttreat-
ment (and postinfection) (Fig. 6).

As can be seen in Fig. 4 and 6, the serum from humans
infected with either S. mansoni or Trichinella spiralis re-
acted with F. hepatica ES antigens, primarily in the 20- to
30-kDa region, as did normal human serum, with one or two

bands at ca. 29 kDa. Additional bands cross-reactive with
the serum of S. mansoni-infected individuals were seen in
the 15- and 40-kDa regions. In Fig. 6, one of the two human
S. mansoni serum samples (but not the two in Fig. 4) and one
of the three T. spiralis sera also appeared to react with the
63-kDa antigenic polypeptide. Moreover, the serum from 7.
spiralis-infected individuals also recognized several anti-
genic polypeptides of less than 14 kDa.
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FIG. 3. FAST-ELISA of the serum from two fascioliasis patients reacted with F. hepatica ES antigens. These patients were treated with
praziquantel and not cured of infection as determined by multiple parasitological examinations (formol-ether concentration method). Abs,
Absorbance; NHS, normal human serum; POS, positive control serum. Numbers beside symbols indicate weeks posttreatment.
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FIG. 4. Immunoblot (EITB) of five normal human sera (NHS), and the serum samples from two patients with schistosomiasis mansoni
(Sm), four with fascioliasis (Fh), and one fascioliasis patient who received a curative dose of bithionol. All samples from patients with
fascioliasis recognized the 17-kDa antigenic polypeptide; the other sera did not. The serum of the cured fascioliasis patient did not react to
the 17-kDa antigenic polypeptide by 12 weeks postcure. Antibody levels to the 63-kDa antigenic polypeptide diminished more slowly and
virtually disappeared 1 year (47 weeks) postcure (numbers above lanes).

The serum of a rabbit infected with F. hepatica developed
antibodies to both the 17- and 63-kDa antigenic polypeptides
by week 4 of infection and remained strong through week 20
of infection, at which time the rabbit received a curative
dose of rafoxanide. Six weeks postcure, the antibodies to
both the 17- and 63-kDa antigenic polypeptides virtually
disappeared, being more clear-cut with the 17-kDa polypep-
tide (Fig. 7).

Finally, pooled serum samples of sheep or calves with
fascioliasis were reacted with F. hepatica ES antigens.
Although the earliest and largest number of reactive bands
‘were in the high 20s to low 30s range, these infected animals

B NHS

116.3 kDa :
97.4 kDa ‘ |
66.3 kDa | “

42.7 kDa

29.0k0a ||| L8

14 .3 kDa e

0 2416179

also developed antibodies to the 17- and 63-kDa bands by 8
weeks of infection (Fig. 8).

DISCUSSION

Serodiagnosis of human fascioliasis is important because
infected individuals often have clinical symptoms well be-
fore parasitologic diagnosis by finding eggs in the feces is
possible. In the absence of commercially available purified
antigens, the first step in immunodiagnostic testing for
fascioliasis often involves crude antigens (4). In our experi-
ence, crude F. hepatica adult worm extracts yield different
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FIG. 5. Immunoblot (EITB) of two normal human sera (NHS) and samples from three patients with fascioliasis (Fh) and two other
fascioliasis patients who received curative doses of bithionol. All samples from fascioliasis patients recognized the 17- and 63-kDa antigenic
polypeptides. The sera of the cured patients were virtually negative to the 17- and 63-kDa antigenic polypeptides by 16 or 20 weeks postcure
(numbers above lanes). .
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FIG. 6. Immunoblot of one normal human serum (NHS) and sera from two patients with schistosomiasis mansoni (Sm), three with
trichinosis (T's), two with fascioliasis (Fh), and a third with fascioliasis treated repeatedly with different doses of praziquantel and not cured.
All fascioliasis patient sera recognized the 17-kDa antigenic polypeptide. The others did not, suggesting improved specificity. The serum of
the treated but not cured patient still reacted with the 17- and 63-kDa antigenic polypeptides 147 weeks (almost 3 years) posttreatment (and

postinfection) (numbers above lanes).

banding patterns in EITB when different animal models are
used. Moreover, crude F. hepatica adult worm extracts,
even in the presence of protease inhibitors, deteriorate
rather quickly when stored at 4°C (data not shown). For
these reasons, we decided to use a ‘‘cleaner’” starting
material and selected ES products for their ease of process-
ing. Recently, a FAST-ELISA has been described in which
the immunodiagnostic test can be completed in 15 min,
assuming a prior antigen incubation of 2 h (3). Thus, we first
adapted the F. hepatica ES products to a FAST-ELISA.
Because of the possible presence of cross-reactive antigens
in the F. hepatica ES antigenic preparation (4), we decided
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FIG. 7. Immunoblot (EITB) of the serum of a rabbit infected
with 30 F. hepatica metacercariae reacted with F. hepatica ES
antigens. This rabbit received a curative dose of rafoxanide on week
20 of infection. Antibodies to both the 17- and 63-kDa antigenic
polypeptides appeared by week 4 of infection (numbers above
lanes). Antibodies to the 17- and 63-kDa antigenic polypeptides
virtually disappeared within 6 weeks postcure (week 26), although it
was more clear-cut with the 17-kDa antigenic polypeptide.

to test in ELISA the serum of humans infected with either S.
mansoni or F. hepatica. The sera from the humans with S.
mansoni infection showed intermediate but clearly reactive
antibody levels compared with the normal human serum
pool and the serum from humans infected with F. hepatica.
The demonstration that the serum from patients with schis-
tosomiasis mansoni cross-reacted with F. hepatica ES anti-
gens at a level intermediate between the normal human
serum pool and the serum from patients with fascioliasis
suggests that there are a limited number of cross-reactive
epitopes. However, this cross-reactivity must be taken into
consideration when performing serologic tests with serum
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FIG. 8. Immunoblot (EITB) of the pooled serum of either sheep
(n = 5; 400 metacercariae per animal) or calves (n = §5; 500
metacercariae per animal) infected with F. hepatica for up to 10
weeks. Both sheep and cattle developed antibodies to the 17-kDa
antigenic polypeptide by 8 weeks of infection (numbers above
lanes). Antibodies to the 63-kDa antigenic polypeptide appeared
earlier in the serum of sheep (2 weeks) than of cattle (8 weeks).
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from patients who have been exposed to schistosomes.
Recently, Espino et al. (2) did not find any antigenic cross-
reactivity when testing serum from humans with a wide
variety of parasitic infections, including schistosomiasis
(although the species was not defined, it was presumably S.
mansoni or S. haematobium or both). However, this may be
due to differences in assay conditions or in the preparation of
antigen. Espino et al. (2) obtained their F. hepatica ES
antigens after a 24-h incubation; on the other hand, ours
were obtained after a 3-h incubation.

The decrease in antibody levels seen by FAST-ELISA in
the cured fascioliasis patients confirms a previous study of
ours reporting antibody changes after chemotherapy in one
cured patient in which crude F. hepatica worm antigen was
used in the ELISA (5).

Irving and Howell (8) isolated F. hepatica ES antigens by
incubating live worms obtained from infected mice for 5 to 7
days in serum-free medium. Three major antigenic polypep-
tides incorporated radiolabeled amino acids of 23, 24, and 26
kDa. We have also found this to be one region of major
antigenic polypeptide activity in rabbits with fascioliasis
(12). In the present report, we found that this region also
contained some antigens cross-reactive with S. mansoni and
T. spiralis and nonspecific cross-reactivity with normal
human serum.

Our observation herein that humans, rabbits, cattle, and
sheep infected with F. hepatica all develop antibodies to the
17-kDa antigenic polypeptide seen by EITB suggests that
this may be a useful marker to detect infections by this
method.

The uniformity of finding the 17-kDa band when the sera
of patients with F. hepatica were tested by EITB with F.
hepatica ES antigen preparations, and not finding these
reactions with an antigenically closely related trematode,
such as S. mansoni, or one with cross-reacting antibodies,
such as T. spiralis, suggests that the 17-kDa band may be
specific for fascioliasis. The observation that it disappeared
in treated and cured patients but not in treated but not cured
patients suggests that it may also serve as a marker to define
the success of chemotherapy. This is reinforced by the study
on the rabbit that was infected and then treated and cured, in
which antibodies to the 17-kDa antigenic polypeptide ap-
peared by week 4 of infection and virtually disappeared
within 6 weeks postcure. The observation that infected
humans still have similarly high levels of antibodies as at
pretreatment 3 years later suggests that this fluke is long-
lived in its human host.

ACKNOWLEDGMENTS

These studies were supported by Public Health Service grant Al
22906 from the National Institutes of Health.

The human serum samples were collected by Guillermo Vazquez,
UPR Medical Sciences Campus Infectious Diseases Unit, Ramén

F. HEPATICA IMMUNODIAGNOSTIC ANTIGENS 2053

Bermidez, Veterans Administration Center, San Juan, and Bernard
Christensen, Bayamén. The sera from sheep and cattle were col-
lected by El Tahir M. Haroun, and the gift is warmly acknowledged.

LITERATURE CITED

1. Bradford, M. M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72:248-254.

2. Espino, A. M., B. E. Duménigo, R. Fernindez, and C. M. Finlay.
1987. Immunodiagnosis of human fasciliasis by enzyme-linked
immunosorbent assay using excretory-secretory products. Am.
J. Trop. Med. Hyg. 37:605-608.

3. Hancock, K., and V. C. W. Tsang. 1986. Development and
optimization of the FAST-ELISA for detecting antibodies to
Schistosoma mansoni. J. Immunol. Methods 92:167-186.

4. Hillyer, G. V. 1986. Fascioliasis, paragonimiasis, clonorchiasis,
and opisthorchiasis, p. 39-68. In K. W. Walls, and P. M.
Schantz (ed.), Immunodiagnosis of parasitic diseases, vol. 1:
helminthic diseases. Academic Press, Inc., Boca Raton, Fla.

S. Hillyer, G. V., R. H. Bermiidez, and A. G. Ramirez de Arellano.
1984. Use of immunologic techniques to predict success of
therapy in human fascioliasis: a case report. Bol. Asoc. Med.
P. R. 76:116-119.

6. Hillyer, G. V., and A. del Llano de Diaz. 1976. Use of immuno-
logic techniques to detect chemotherapeutic success in infec-
tions with Fasciola hepatica. 1. Rabbit infections. Am. J. Trop.
Med. Hyg. 25:307-311.

7. Hillyer, G. V., E. Ruiz Tiben, W. B. Knight, I. G6mez de Rios,
and R. P. Pelley. 1979. Immunodiagnosis of infection with
Schistosoma mansoni: comparison of ELISA, radioimmunoas-
say, and precipitation tests performed with antigens from eggs.
Am. J. Trop. Med. Hyg. 28:661-669.

8. Irving, D. O., and M. J. Howell. 1982. Characterization of
excretory-secretory antigens of Fasciola hepatica. Parasitology
85:179-188.

9. Knight, W. B., R. A. Hiatt, B. L. Cline, and L. S. Ritchie. 1976.
A modification of the formol-ether concentration technique for
increased sensitivity in detecting Schistosoma mansoni eggs.
Am. J. Trop. Med. Hyg. 25:818-823.

10. Reddington, J. J., R. W. Leid, and R. B. Wescott. 1984. A
review of the antigens of Fasciola hepatica. Vet. Parasitol. 14:
209-229.

11. Santiago, N., and G. V. Hillyer. 1986. Isolation of potential
serodiagnostic Fasciola hepatica antigens by electroelution
from polyacrylamide gels. Am. J. Trop. Med. Hyg. 35:1210-
1217.

12. Santiago, N., G. V. Hillyer, M. Garcia Rosa, and M. H. Morales..
1986. Identification of functional Fasciola hepatica antigens in
experimental infections in rabbits. Am. J. Trop. Med. Hyg. 35:
135-140.

13. Tsang, V. C. W., G. E. Bers, and K. Hancock. 1985. Enzyme-
linked immunoelectrotransfer blot (EITB), p. 389-414. In T. T.
Ngo and H. M. Lenhoff (ed.), Enzyme-mediated immunoassay.
Plenum Press, New York.

14. Tsang, V. C. W., J. M. Peralta, and A. R. Simons. 1983.
Enzyme-linked immunoelectrotransfer blot techniques (EITB)
for studying the specificities of antigens and antibodies sepa-
rated by gel electrophoresis. Methods Enzymol. 92:377-391.



