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Abstract Recombinant fatty acid binding protein
(rFABP) of Fasciola gigantica was expressed in Escher-
ichia coli and used as vaccine in Freund’s adjuvant to
evaluate the level of protection induced in buffalo
(Bubalus bubalis) calves. Fifteen buffalo calves were
distributed to three groups of five calves each. An anti-
gen dose of 400 lg for each of the three immunizations
at 3-week intervals, and a challenge dose of 600 metac-
ercariae was administered per calf. Levels of anti-FABP
antibodies increased rapidly by 2 weeks after the first
immunization and were always significantly higher in the
immunized-challenged group than in the infected control
group. Immunization with FABP induced both humoral
and cell-mediated immune response in these animals.
Vaccination showed a moderate level of protection in
terms of reduced fluke burden (35.8%) and liver damage
as assayed by aspartate aminotransferase and sulfhydryl
group levels as well as anti-fecundity effect of the vac-
cine.

Introduction

Fasciola gigantica inflicts heavy economic loss on the
livestock industry in the tropical world in general and an

adverse impact on health, weight gain, feed conversion
efficiency and reproduction of buffaloes (Bubalus
bubalis) in particular (FAO 1994; Yadav et al. 1999;
Mehra et al. 1999). India, being an agrarian society, has
the largest buffalo population in the world, which con-
stitutes a very significant component of the Indian live-
stock sector (Banerjee 1991; Agricultural Research Data
Book 2002). Prevalence of F. gigantica infection in
buffaloes, a reservoir host, is high in India and the sit-
uation is no better when we look at the statistics of this
infection in other ruminants (Sanyal 2001). Control of
this disease is achieved by regular use of anthelmintics,
but vaccination is the long-term strategy for the inter-
vention of this scourge. Of the various vaccine candi-
dates under evaluation for the development of a
commercially viable vaccine for fasciolosis, fatty acid
binding protein (FABP) is a promising molecule (Ten-
dler et al. 1996; Estuningsih et al. 1997; Ramajo et al.
2001). Trematode parasites lack a de novo pathway of
lipid synthesis, utilizing host fatty acids and sterols for
their lipid metabolism and appear to use FABPs as
transport molecules (Meyer et al. 1970; Ockner 1990).
FABP has been the target for disrupting this vital link in
the survival of the parasite in various vaccination trials
in sheep and cattle but the potential of this molecule has
not been evaluated in buffaloes so far. Therefore, this
study focuses on the evaluation of immunoprophylactic
potential of recombinant fatty acid binding protein
(rFABP) against F. gigantica infection in buffaloes.

Materials and methods

Buffalo calves

Fifteen buffalo calves, aged 8–10 months, were used in
this immunoprophylactic study. Buffalo calves used in
the present experimental studies were procured from the
dairy farm of the Indian Veterinary Research Institute
(stall-fed) and were screened for F. gigantica and other
helminth infections coprologically and serologically
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prior to immunization studies. All the experimental
animals were treated with albendazole (15 mg/kg
body wt) and it was only after ensuring their helminth
free status that they were used for the vaccination trial.
These animals were housed indoors on a concrete floor
and maintained under an intensive system of manage-
ment. The animals were fed as per Kearl (1982) to meet
their maintenance requirements during the course of the
experiment. Buffalo calves were used for the experi-
mental purposes as per the regulations laid down by the
animal ethics committee.

F gigantica metacercariae

Fasciola gigantica metacercariae were harvested on
polyethylene sheets from field-infected Lymnaea auricu-
laria and stored at 4�C until use. Viable metacercariae
less than 3 months old were used for challenge infection
per os.

Expression of F gigantica rFABP

cDNA-encoding F. gigantica FABP was cloned in a
prokaryotic expression vector, pPROEXHT-b (Invitro-
gen) and expressed in Escherichia coli (Sriveny et al.
2003). Protein expression was induced with 1 mM iso-
propyl-thio-D galactopyranoside for 7–8 h at 37�C in 1 l
batches of LB medium. Two hundred and fifty millilitre
culture aliquots were pelleted by centrifugation at
4,000·g for 10 min at room temperature (RT). The
polyhistidine-tagged fusion protein was purified by
nickel-chelating affinity chromatography using urea as a
mild denaturant (Sriveny et al. 2002). Briefly, the cell
extract was prepared by suspending 0.5 g (wet wt) bac-
terial pellet in 7 ml of lysis buffer (10 mM Tris, 100 mM
NaH2PO4; 8 M Urea, pH 8.0) for 1 h at RT. Cell debris
was pelleted and the lysate was incubated with 700 ll of
Ni-NTA resin (Qiagen) for 1 h at RT in the presence of
10 mM imidazole and packed into the column.
Unbound proteins were washed using wash buffer
(10 mM Tris, 100 mM NaH2PO4; 8 M Urea, pH 8.0)
and the fusion protein eluted in 3 ml elution buffer
(10 mM Tris, 100 mM NaH2PO4, pH 4.5). The eluted
rFABP was dialyzed against phosphate buffered saline
(PBS) (pH 7.4) at 4�C, concentrated by lyophilization,
and protein concentration was estimated as per Lowry
et al. (1951). Homogeneity of the purified protein was
determined by SDS-PAGE (Laemmli 1970).

Antigen formulation, administration and challenge

Buffalo calves were randomly assigned to three groups
(I, II and III) of five animals each. Group I animals
(immunized-challenged group) were immunized with
400 lg of F. gigantica rFABP subcutaneously in Fre-
und’s complete adjuvant for primary immunization at

2–3 sites in the neck region on day 0 and subsequent
doses of the same antigen concentration were given on
days 21 and 42, as second and third immunizations with
Freund’s incomplete adjuvant. Each of these calves were
challenged with 600 viable metacercariae after 4 weeks
of third immunization along with group II calves
(infected control) while group III animals were kept as
uninfected control. Blood was collected weekly during
the immunization schedule and every 2 weeks from
animals of all three groups after challenge infection. Sera
was retrieved and stored at �20�C.

Enzyme linked immunosorbent assay

Sera samples were analysed by ELISA. Plates (Greiner,
Germany) were coated with 100 ll of 2 lg/ml of rFABP
antigen in 0.1 M carbonate/bicarbonate buffer (pH 9.6)
per well. Following overnight incubation at 4�C, plates
were washed five times with PBS containing 0.05%
Tween-20. Wells were blocked with 3% skim milk in
PBS (SM-PBS) for 1 h at 37�C. Subsequent to five
additional washes in PBS-T, 100 ll/well of buffalo sera
diluted 1:50 in 1% SM-PBS were incubated for 1 h at
37�C. Subsequently wells were washed five times and
100 ll per well of 1:8,000 diluted rabbit anti-bovine IgG-
peroxidase conjugate was incubated for 1 h at 37�C.
Finally, after additional five washes, colour was devel-
oped with 100 ll of orthophenylene diamine (1 mg/ml)
in sodium citrate buffer, pH 4.6 for 30 min at RT. The
reaction was stopped with 50 ll 3N HCl per well, and
absorbance recorded as the mean OD492 of duplicate
samples. Sera from four uninfected buffalo calves were
used as negative control.

Western blot

The electrophoretic transfer of rFABP to nitro-cellulose
paper was carried out as per Towbin et al. (1979). The
protein was resolved on 15% SDS-PAGE and trans-
ferred to a nitro-cellulose membrane using transfer
buffer (25 mM Tris, 192 mM glycine, and 20% metha-
nol) for 60 min at 350 mA/100 V at 4�C. The membrane
was washed with PBS-T (wash buffer) and blocked with
5% skim milk in PBS overnight at 4�C. Washing of the
membrane was carried out four times for 20 min with
PBS-T and assembled into the mini protean multiscreen
apparatus (BioRad). Buffalo sera (immunized-chal-
lenged, uninfected and infected control) diluted 1:50 in
1% SM-PBS were probed for 1 h at RT. After five
washes, NCP was incubated for 1 h at 37�C in rabbit
anti-bovine IgG-alkaline phosphatase (1:4,000 dil. in 1%
SM-PBS). The blots were finally washed and membrane
was incubated in alkaline phosphate buffer (pH 9.5)
containing nitro-blue tetrazolium and 5 bromo-4-
chloro-3-indolyl phosphate for colour development. The
reaction was stopped by washing the membrane in dis-
tilled water.
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Lymphocyte transformation test

Blood was collected in 2.7% EDTA from immunized-
challenged calves 2 weeks after each immunization and
also from the negative control animals on these corre-
sponding dates. Peripheral blood mononuclear cells
(PBMC) were isolated by density gradient centrifugation
using Histopaque 1.077, (Sigma) as per Backer and
Knoblock (1982) and 3·106 cells/ml were suspended in
RPMI 1640 containing 10% foetal calf serum. A 100-ll
cell suspension was seeded in each well of the 96 well
flat-bottomed microtitre plate and 10 ll of rFABP
(2 lg) was added in quadruplicate to assess the lym-
phoproliferative response. ConA (10 lg/ml) was added
as a positive control and unstimulated cells served as the
cell control. The plates were incubated at 37�C in a CO2

incubator for 5 days for sensitization of the PBM cells
by rFABP. The lymphoproliferation assay was per-
formed by MTT dye reduction test (Bounous et al.
1992). The MTT dye was added to each well of the
microtitre plate (100 lg final concentration) and the
plates were incubated at 37�C for another 4 h in a CO2

incubator. A volume of 150 ll DMSO was added to
each well to dissolve formazan crystals. Absorbance was
read at 492 nm with reference reduction at 650 nm and
stimulation index (SI) calculated as the ratio of OD of
stimulated cells to that of unstimulated control cells.

Biochemical assays

Liver damage in all the immunized and infected control
calves was assessed by measuring the level of aspartate
aminotransferase (AST) activity in blood, collected ev-
ery 14 days from the time of challenge infection to
90 days post infection (PI) in both immunized and in-
fected control groups as per Reitman and Frankel (1957)
using a commercial kit (Glaxo, India). AST activity was
also measured in the serum of negative control animals
collected simultaneously along with the blood samples
of immunized and infected control animals.

Also the status of sulfhydryl groups in the livers of
necropsied calves was measured as per Sedlack and
Lindsay (1968). The total, protein-bound and non-pro-
tein bound sulfhydryl group level in liver samples col-
lected from the buffalo calves (uninfected, infected and
immunized-challenged groups) at necropsy (15 weeks
PI) was estimated. The amount of sulfhydryl groups was
calculated using molar extinction coefficient (13,600 M�1

cm�1) of GSH-DTNB conjugate at 412 nm and was
expressed as micromoles of sulfhydryl groups/gram liver.

Fluke size and wet weight

All calves were euthanized in the 15th week (105 days)
after challenge. Liver was cut into slices approximately
1 cm thick and squeezed in warm saline for fluke col-
lection. Flukes from each necropsied animal in the

respective groups were recorded for their wet weight,
length and width. The size and wet weight of flukes
recovered from each calf of the immunized group were
compared with flukes recovered from the infected con-
trol group.

Bile egg count

Bile collected from each immunized and infected control
animal was cleared by repeated sedimentation/decanta-
tion of the eggs. Egg counts were performed under a
compound light microscope by measuring a definite
volume (10 ll·5) of each sample to calculate the total
eggs in the given volume of bile as per the standard
protocol.

Statistical analysis

Data were statistically analysed using the Student’s t-test.

Results

Humoral immune response in immunized and infected
control calves was detected using rFABP antigen by
ELISA and immunoblotting. Absorbance values of each
animal in group I increased with each immunization.
The highest absorbance values were found 3 weeks after
the last immunization. However, buffalo calf no. 22
showed an elevated and highest absorbance value only
after third immunization. No further increase in the
antibody titre was detected in immunized calves on
challenge infection; instead the mean absorbance value
of these animals started decreasing at the post-challenge
period, which remained at plateau up to 90 days post
challenge. However, in the infected control calves
absorbance values remained at baseline with no sub-
stantial increase at subsequent weeks of challenge
(Fig. 1). In western blot too, the same response was
observed in the immunized group, but in the infected
control animals no detectable humoral response to this
antigen was observed in this assay (Fig. 2). One out of
five buffalo calves in the immunized group died during
experimental study prior to the challenge infection. The
cause of the death on postmortem was confirmed to be
due to pneumonia and the death of the animal was not
related to the immunization process.

Cell-mediated immune response to this antigen was
measured by lympho-proliferative assay in three buffalo
calves each from group I (pre and post immunization)
and group III. Lymphocytes of immunized buffalo
calves showed increased antigen-specific proliferation in
vitro after each immunization and maximum SI was
attained after the second immunization (1.58±0.23).
However, a decreasing pattern of SI was observed
thereafter. This increase in SI indicated that the immu-
nized buffalo calves were sensitized with rFABP (Fig. 3).
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AST activity and sulfhydryl group levels in vaccinated
calves

Serum AST activity was lower in the immunized group
than in the infected control group with a significant
difference between the two groups at day 30 PI (Fig. 4).
Increased AST level in the infected control group at
30 days PI is indicative of maximum liver damage at this

stage of fluke maturation. These results suggest that
calves in this group suffered from more hepatic damage
than the immunized group and indirectly suggest that
the immunized group had a lower fluke burden than the
infected control animals.

The total sulfhydryl group level in the infected con-
trol (group II) calves (8.5 lmol±0.72) was lower than in
the negative control animals (group III) (13.9 lmol±
1.4). However, immunized calves (group I) (14.6 lmol±
2.4) showed a slightly higher level than group III. The
protein-bound sulfhydryl-group level in group I
(12.1 lmol±2.42) and group III (11.05 lmol±3.37)
was higher than group II (5.5 lmol±0.499) calves
(Fig. 5). This indicates that immunization with rFABP
restored the glutathione status even after challenge
infection, whereas these values were significantly lower
in the infected control group.

Fluke recovery

At necropsy, 41.2±5.86 and 26.4±3.68% of F. gigan-
tica metacercariae were recovered as adult flukes from
the hepatic parenchyma, bile duct and gall bladder of
group II and I buffalo calves, respectively. The mean wet
weight and size (length and width) of flukes recovered
from group I calves was less than those recovered from
the group II animals. A 13.5%, 12.5% and 9.8%
reduction in wet weight, length and width respectively
was observed in flukes recovered from group I calves.
This reduction in the fluke length and wet weight was
not found to be statistically significant but reduction in
the fluke width in the immunized group was found sta-
tistically significant (P<0.01). The mean fluke recovery
from group I and group II buffalo calves was
158.5±22.1 and 247±35.13 respectively (Table 1). The
percentage fluke recovery of 26.4±3.68 and 41.2±5.86
from group I and group II calves respectively indicated
that immunization with rFABP conferred 35.8% pro-
tection in immunized-challenged buffalo calves.

Fig. 2 Immunized buffalo calf (No.11) showing humoral immune
response against rFABP by immunoblotting. Lane 0 Pre-immuni-
zation serum, Lane 1–3 1st, 2nd and 3rd post-immunization serum,
collected 15 days after each immunization, Lane 4–9 post-challenge
sera probed at 14-days interval

Fig. 1 ELISA absorbance profile of buffalo calves immunized with
rFABP and challenged with 600 metacercariae. I, II and III
indicate absorbance value 15 days after each immunization; Cut off
value = Mean + 2SD of negative control animals
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Bile egg count

An overall reduction in mean bile egg count (98.6%) was
found in the group I calves when compared to the group
II calves, depicting anti-fecundity effect of the immuni-
zation or delayed development of gonads in the flukes
recovered from the immunized group.

Discussion

Fatty acid binding proteins are crucial for the lipid
metabolism of these parasites and vaccination with
parasite FABP could induce antibodies that would
interfere with the transportation of fatty acids from the
hosts to the flukes, thereby jeopardizing the survival of
the parasite. Incidentally, FABP was the first defined
antigen to be tested as a vaccine against fasciolosis,
when Hillyer (1985) and Hillyer et al. (1987) found F.
hepatica antigen fraction FhSmIII(M) inducing a reduction
in worm burden by 69–78% in mice and 55% in cattle.
However, there have been variations in the results

obtained by vaccination with native and rFABP. Muro
et al. (1997) tested the efficacy of F. hepatica rFABP as
vaccine in rabbits but reduction in the worm burden was
not significant (11–17%) and was less than that elicited
by the native molecule. Similarly, a low but significant
31% reduction in fluke burden and 36% reduction in
fluke wet weight were observed in cattle vaccinated with
native FABP in FCA; however, with rFABP this
reduction in fluke burden was 1% and 11% (in FCA and
Quil A, respectively) (Estuningsih et al. 1997). Ramajo
et al. (2001) found no reduction in the worm burden in
rFABP and native FABP-vaccinated sheep but there
was significant reduction in worm size and faecal egg
counts, suggesting an anti-fecundity effect of the vaccine.

But in our vaccination trial in buffalo with rFABP in
FCA, worm burden was reduced by 35.8%, which is in
contrast to the results of Estuningsih et al. (1997) in
cattle, with this antigen formulation. In this vaccination
trial with rFABP, an overall protection of 35.8% was
observed with a reduction of 13.4%, 12.6% and 9.8% in
mean fluke wet weight, length and width respectively,
when compared with flukes from infected control calves.

Fig. 3 Lymphocyte
proliferative response of buffalo
calves (pre and post
immunization). Error bars
indicate standard error of the
mean

Fig. 4 AST enzyme activity in
the sera of buffalo calves. Error
bars indicate standard error of
the mean
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It shows that vaccine formulation exerted an adverse
effect on the migratory stages of the parasite, with
overall growth stunted in many of the flukes. However,
the protection level achieved in terms of reduction in
fluke burden, fluke length and wet weight and anti-
fecundity effect was not found to be statistically signifi-
cant. This could be attributed to the small number of
animals used in the immunization trial. Since the
absorbance values defining the antibody level elicited by
the four immunized calves were significantly high and
when these absorbance values were corroborated with
the fluke recovery (fluke burden and fluke size), there
was a direct correlation with the protection level.
However, this correlation could not be determined in the
infected control calves as there was no substantial in-
crease in antibody level up to 90 days PI in these ani-
mals. Effector components of immunity operative
against this parasite in buffalo host were not evaluated
in this study, though it appears that both humoral and
cell-mediated immunity are effective in curbing the
parasite’s development.

Serum AST level, an indicator of liver cell damage,
was significantly high at 30 day PI in the infected control
group but declined in the subsequent weeks PI. This
correlates with the migratory stages of the flukes when
maximum damage to the liver tissue occurs. However,
AST level in vaccinated calves was at par with negative

control animals, suggesting immunization having pre-
vented liver damage by flukes.

Similarly, the decrease in the total and protein-bound
sulfhydryl groups in infected control animals might have
impaired the normal physiological functions of various
enzymes involved in liver cell metabolism. However,
higher levels of protein bound and total sulfhydryl
groups in vaccinated calves suggest better antioxidant
status of liver cells and indirectly indicate that liver cells
were less prone to cell injury during infection. The level
of reduced glutathione in the antigen presenting cells is
known to modulate immunity through Th1/Th2 re-
sponse (Peterson et al. 1998). Although we have esti-
mated the sulfhydryl status in liver rather than antigen
presenting cells, similar levels in the negative control and
immunized group and resultant protection following
challenge in immunized animals indicates that there
might be some influence of sulfhydryl status on modu-
lation of cell-mediated immune response.

A significant effect of this vaccine appears to be on
the fecundity of the parasite. In this vaccination trial
98.6% reduction in the mean bile egg count was ob-
served in the vaccinated group calves. This observation
was made at necropsy 15-weeks post challenge. Data on
the anti-fecundity effect of the vaccine appears incom-
plete in the present investigation, since the experiment
was not extended beyond 15 weeks post challenge to

Fig. 5 Status of sulfhydryl
groups in the liver of buffalo
calves 15 weeks post-challenge
(at necropsy). Error bars
indicate standard error of the
mean

Table 1 Experimental design showing fluke recovery, fluke morphometry (length, width and wet weight) and bile egg count at necropsy

Animal group Animal
no.

Dose of
rFABP

Dose of
Mets

No. of flukes
recovered

Recovery of
flukes (%)

Mean
length (cm)

Mean
width (cm)

Mean wet
weight (mg)

Mean bile
egg count

Infected control 3 Nil 600 179 29.8 2.70 0.387 58.0 6,433
10 Nil 600 181 30.16 2.83 0.40 50.19 825
21 Nil 600 366 61.0 2.40 0.33 46.9 120,000
24 Nil 600 229 38.16 2.96 0.44 60.5 14,000
26 Nil 600 280 46.66 2.43 0.40 64.0 60,000

Mean ± SE 244±35.1 45.15±5.86 2.66±0.11 0.391±0.017 55.92±3.20 40251.6±22574.7
Immunized-
challenged

11 400 lg 600 127 21.16 1.97 0.31 46.54 50
12 400 lg 600 198 33.0 2.64 0.31 42.90 435
13 400 lg 600 195 32.5 2.61 0.32 54.45 230
22 400 lg 600 114 19.0 2.10 0.235 49.62 1,475

Mean ± SE 158.5±22.1 26.41±3.68 2.33±0.17 0.294±0.019 48.38±2.45 547.5±319
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have EPG assay conducted in both the groups. Also the
anti-embryonation effect of the vaccine was not studied
in this experiment. However, with the available data on
the bile egg count in vaccinated and infected control
animals, a high level of anti-fecundity effect was recorded.
This effect of vaccination can have a profound effect on
pasture contamination and disease transmission.

Though this level of protection induced by rFABP
may not appear sufficient to protect these ruminants
against the deleterious effects of this infection, yet it is
highly protective in terms of reduction in liver patho-
logical signs, fluke burden/size and anti-fecundity effect
of this immunization. Further studies are warranted by
using this antigen with other defined immunogenic
molecules (cocktail vaccine), along with other commer-
cially acceptable adjuvant formulations for boosting the
protection level against this helminth.
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