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Abstract
Aim: The objective of the present study was to know the seroprevalence status of Fasciola gigantica infection in cattle and 
buffaloes using cysteine proteinase (CP) antigen in dot enzyme-linked immunosorbent assay (ELISA) format under field 
conditions.

Materials and Methods: As per the standard protocol, the sera were collected from the blood of 112 cattle and 38 buffaloes 
of coastal areas of Navsari district, South Gujarat, India. The indirect ELISA was performed on the strip of nitrocellulose 
paper blotted with 1 µl of CP antigen, to detect F. gigantica seropositive animals.

Results: The native CP of F. gigantica revealed a single visible band on 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis. There was no any noted cross-reaction between the selected antigen and sera of Gastrothylax 
crumenifer-infected animals in ELISA. Out of 150 screened bovines, the sera of 47 (31.33%) were found to be reactive 
in dot-ELISA, with a prevalence rate of 31.25% and 31.58% in cattle and buffaloes, respectively. The seropositive 
bovines with heavy, moderate, and light level of infection were 44.68%, 34.04%, and 21.28%, respectively (p<0.05 
between heavy and light; p>0.05 between moderate and heavy or light). The share of F. gigantica seropositive and 
negative animals was 31% and 69%, respectively. The optical density at 450  nm of pooled sera of seropositive 
bovines with heavy, moderate, and light reactivity in plate-ELISA was significantly higher with field or reference 
negative sera.

Conclusion: The CP-based dot-ELISA can be useful for field veterinarians for quick and timely isolation of the animals 
requiring urgent flukicide therapy.
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Introduction

Fasciolosis, the snail-borne disease, is widely 
prevalent in most geographical regions of the world. 
The infection rate caused by tropical fluke, Fasciola 
gigantica, varies between 10 to 80% among buffalo 
and cattle (as primary hosts), followed by sheep and 
goat [1-3]. The disease is recognized as one of the 
most economically important helminth infection of 
the ruminants [4], with worldwide monetary losses 
conservatively estimated at over US $3.2 billion per 
annum [5]. The economic losses are due to mortality, 
morbidity, poor growth, and productivity loss in the 
infected animals [6], and hence, the prevention and 
control of fasciolosis could contribute significantly to 
improve animal production [7].

The feasible approaches to prevent and con-
trol the fasciolosis are based on reducing the popula-
tion of the snail intermediate host or its timely iden-
tification followed by drug dosing in the definitive 
host [8]. Diagnosis of animal fasciolosis largely based 
on the microscopic demonstration of the parasite egg 
in the feces on 12-14 weeks postinfection (WPI), 
i.e., only possible in patent/late phase of infection [9]. 
Furthermore, the low sensitivity of the coprological 
methods resulted in the underdiagnosis of weak infec-
tion, and thus, it is not suitable for analyzing the disease 
condition in the large herds [10]. The pathogen causes 
major harm to the definitive host during its prepatent/
early phase of infection [11]. Therefore, diagnosis 
in the prepatent/early phase of infection is the major 
objective to ensure sustainability in animal production.

Serological assays are the only options for the 
detection of infection at an early prepatent stage using 
parasite-specific antigenic moieties [12]. However, 
the helminths are a complex organism and are known 
to share antigenic epitopes, resulting in cross-reaction 
and false-positive case [13]. Therefore, to develop a 
serological assay for the diagnosis of fasciolosis in the 
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ruminants, continuous efforts are needed to identify 
and characterize the antigen for their utilization under 
field conditions for the early and specific detection of 
the infection [14-18]. Furthermore, specific diagno-
sis will help in the selection of a specific drug for the 
treatment and control of the disease, and thus, mini-
mizes drug abuse, often leading into the development 
of resistant strains of the parasites [19].

An attempt to develop F. gigantica-specific 
diagnostic kit for the bovine, the Helminthology 
Laboratory, Division of Parasitology, Indian Veterinary 
Research Institute, Izatnagar  -  243  122 had isolated 
and characterized the 28 kDa cysteine proteinase (CP) 
from the excretory-secretory product of the fluke [16]. 
This antigen-based enzyme-linked immunosorbent 
assay (ELISA) successfully detected fasciolosis in the 
buffaloes with a high level of sensitivity and specific-
ity under field situations [12,17,20]. The present study 
aimed to know the seroprevalence status of F. gigan-
tica infection in the bovines using CP antigen in dot-
ELISA format under field conditions of heavy rained 
areas of South Gujarat of Navsari district, India.
Materials and Methods
Ethical approval

As the study was conducted with the clinical 
cases, so ethical committee approval was not required.
Study area

The villages of Navsari (20.95°N, 72.93°E) dis-
trict of Gujarat state of India are characterized with 
average monthly rainfall of 0 to 1663.77±448.00 mm 
in winter/summer to rainy season and the relative 
humidity from 29.2±4.25 to 84.73±3.44% in February 
to August.
Biological sample collection and processing

Each 5 ml of blood was collected from the jug-
ular vein of properly restrained 112 cattle and 38 buf-
faloes, presented before the clinician for disease diag-
nosis/treatment in the clinical camps organized in 
the above mentioned areas, using sterile needle and 
syringe. The collected blood samples were allowed 
to coagulate and further centrifuged to obtain the sera 
and stored at −20°C until further analysis.
Reference sera and CP antigen for ELISA

Five positive/negative reference sera and diag-
nostic antigen, CP of F. gigantica infection were pro-
vided by the Helminthology Laboratory, Division of 
Parasitology, IVRI, Izatnagar. The negative control 
sera were originated from the buffalo calves reared 
under experimental conditions for 1  year, properly 
dewormed, and proven as free from F. gigantica 
infection by the expert. Simultaneously, the F. gigan-
tica free buffalo calves were infected with the viable 
metacercariae and bled at 8th  week postinfection to 
isolate positive control sera. The CP antigen was puri-
fied by the said laboratory from the in vitro released 
F. gigantica excretory-secretory products by two-
step alcohol fractionation, followed by ion-exchange 

chromatography [16]. The integrity of the diagnostic 
F. gigantica-specific CP antigen was checked on 10% 
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) [16]. The said laboratory had 
also provided each five F. gigantica-positive/negative 
and Gastrothylax crumenifer-positive/negative buffa-
lo’s field sera, proven by postmortem followed by a 
fecal examination. The reactivity pattern of these sera 
was used to compare the positive and negative ani-
mals in ELISA format with CP antigen.
Seroprevalence study

The indirect dot-ELISA was performed as per 
the method described by Sriveny et al. [17] with 
adjustable modifications. Briefly, CP antigen of 1 µl 
(~200 ng) was blotted onto the rectangular strips of 
nitrocellulose paper (Biorad, California, USA). The 
antigen blotted spots were air-dried, incubated at 37°C 
for 1 h, and stored at room temperature until required. 
The strips were thoroughly washed 3  times in phos-
phate buffer saline (PBS)-Tween-20 (0.05%, 50 µl of 
Tween-20 in 100 ml of PBS of pH 7.2) wash buffer. 
The strips were blocked in a solution containing 5% 
skimmed milk powder in PBS for 2 h at room tem-
perature. The strips were thoroughly washed 3 times 
with wash buffer, and then, incubated in 1:50 diluted 
sera in 1% skimmed milk in PBS separately for 1 h 
at room temperature. After three washings, the strips 
were dipped in rabbit anti-bovine immunoglobulin 
G (IgG)-horse radish peroxidase (HRPO) conjugate 
(Santa Cruz, USA) at 1:2000 dilution in 1% skimmed 
milk in PBS for 1 h at room temperature. Following 
five washes, the strips were incubated at room tem-
perature in the dark in diaminobenzidine (Sigma 
Chemical Company, USA) chromogenic substrate 
buffer (8  mg diaminobenzidine, 10  ml PBS, 10 µl 
H2O2, for a total 10  ml substrate volume) for color 
development. The strips were thoroughly washed after 
visible dot formation in the several changes of the dis-
tilled water to stop further chromogenic reactions and 
dried on the filter paper. The positive sera of F. gigan-
tica infection were characterized by the formation of 
distinct brown color dots on the paper while negative 
sera showed no dots. Depending on the intensity of 
the dot, the bovines were grouped into heavily, moder-
ately, and lightly infected with F. gigantica. The sera 
were pooled accordingly to form heavily, moderately, 
lightly, and negatively F. gigantica-infected one, and 
further, analyzed in the indirect plate-ELISA.

Indirect plate-ELISA was performed as per the 
method described by Kumar et al. [14,15] with some 
modifications. The flat-bottom polystyrene microtiter 
plates (Greiner, Germany) were incubated overnight 
at 4°C with 100 µl/well of carbonate and bicarbonate 
coating buffer containing 5.0 µg/ml of CP antigen. The 
wells were washed twice for 5 min with washing buf-
fer and incubated at 37°C for 2 h with 300 µl/well of 
blocking solution, 3% skimmed milk in PBS. After 
thrice washings of the plate in the washing buffer, 
each well was loaded with 100 µl of 1:100 diluted 
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pooled sera in 1% skimmed milk prepared in PBS and 
incubated at 37°C for 1 h. Wells were washed again 
3 times with wash buffer, and 100 µl of rabbit anti-bo-
vine IgG-HRPO (Santa Cruz, USA) conjugate in 
1:5000 dilution prepared in 1% skimmed milk in PBS 
was added to each well and incubated at 37°C for 1 h. 
After five vigorous washings, 100 µl of chromogenic 
substrate with O-phenylenediamine dihydrochloride 
(OPD) (Sigma, USA) solution (OPD  -  0.8  mg/ml 
phosphate-citrate buffer pH 5.0 and 1 µl H2O2/ml sub-
strate buffer) was added to each well and kept in the 
dark for color development. The reaction was stopped 
after the development of appropriate chromogenic 
reaction using 50 µl 3 N HCl/well. The absorbance 
readings were taken at 450 nm on an ELISA reader 
(Biorad, USA). The data expressed as the mean of the 
optical density (OD) were recorded for the grouped 
samples.
Statistical analysis

The results were compiled systematically, and 
data were analyzed using IBM SPSS Statistics 20.00 
for Windows (SPSS Inc., Chicago, USA) to perform 
one-way ANOVA using Duncan for determination of 
statistical significance. The p>0.05 was considered as 
statistically non-significant.
Results

The integrity of the procured native CP of 
F.  gigantica revealed a single observable band on 
the 10% SDS-PAGE, which was used to determine 
the anti-F. gigantica antibody in the cattle and buf-
faloes. There was no cross-reaction of the CP antigen 
with G. crumenifer field sera at any point of time in 
plate-/dot-ELISA. Out of 150 screened bovine, sera 
of 47 animals were found to be reactive in dot-ELISA 
with 31.25 and 31.58% prevalence rate in cattle and 
buffaloes, respectively (Figure-1). The F. gigantica 
seropositive bovines with heavy, moderate, and light 
level of infection were 44.68%, 34.04%, and 21.28%, 
respectively (p<0.05 between heavy and light; p>0.05 
between moderate and heavy/light) (Figure-2). The 
% distribution of F. gigantica seropositive/negative 
bovines was depicted in Figure-3. The OD at 450 nm 
of pooled sera of seropositive cattle with heavy, mod-
erate, and light reactivity in plate-ELISA was 3.2845, 
2.7135, and 1.7225, respectively, which was signifi-
cantly higher with field negative sera (Figure-4). 
Likewise, OD at 450 nm of pooled sera of seroposi-
tive buffaloes with heavy, moderate, and light reactiv-
ity in plate-ELISA was 3.26375, 2.18375, and 1.433, 
respectively, which was significantly higher with ref-
erence/field negative sera (Figure-4).
Discussion

The field applicability of the diagnostic assay 
is the final goal and worthwhile. Several immunodi-
agnostic assays were tried for the prepatent detection 
of fasciolosis in field setup, namely, double immuno-
diffusion [21], skin hypersensitivity reactions [22], 

dot-ELISA [23], and dot immunoperoxidase [24] with 
their different acceptability levels. The dot-ELISA is 
more widely accepted, since the test is easy to con-
duct, and results can be ascertained rapidly.

Realizing the immense potentiality of the test 
and the laboratories all around the world have stan-
dardized a CP-based dot-ELISA for the early diagno-
sis of fasciolosis in human and ruminants with high 
level of sensitivity/specificity (~100%) in experimen-
tal conditions while a little bit compromised sensitiv-
ity/specificity in field conditions and recommended to 
use it in the field situations [16,17,25]. The 28 kDa 
CP observed high-level of sensitivity in the ELISA for 
the detection of experimental F. gigantica infection in 
buffaloes by 3-4 WPI [12,16,17,20]. The integrity of 
the selected CP antigen on SDS-PAGE confirmed that 
the antigen was made up of a single visible band, as 
reported by earlier scientists. In view of the absence of 
the reference test for the diagnosis of tropical fasciolo-
sis, PM data on parasite prevalence would have been 
served in better way for the calculation of the sensitiv-
ity/specificity, but by knowing the fact of the vegetar-
ian nature of the human population of the study area, 
there is no any recognized slaughterhouse of the large 
ruminants, so we were unable to calculate the sensi-
tivity/specificity of the test and antigen in the field 

Figure-1: Dot enzyme-linked immunosorbent assay 
reactivity pattern of Fasciola gigantica infection.

Figure-2: Representative dot strip no.  1-3  (1  -  heavy, 
2  -  moderate, and 3  -  light) and 4 showing positive 
and negative reactivity of Fasciola gigantica infection, 
respectively.
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conditions. On the other hand, the trematodes are well 
known for its intermittent egg shedding behavior, and 
further, there is no any direct correlation between the 
egg per gram of feces and actual parasitic load, so the 
use of coprological data for evaluating serological test 
is worthless [26]. Interestingly, Raina et al. [20] cor-
rectly pointed out that the sensitivity of the serolog-
ical assay was determined by the antibody response 
elicited by the individual host rather the fluke bur-
den. Hence, it is the demand of the time to describe 
a reference/gold standard test for the calculation of 
sensitivity/specificity of the new upcoming serolog-
ical/molecular test for the detection of F. gigantica 
infection.

Overlapping antigens in the trematodes frequently 
observed cross-reactivity among themselves [13]; for-
tunately, in the present study, no cross-reaction was 
noted with the rumen amphistome, G. crumenifer, 
and few more researcher observed no cross-reac-
tion with Paramphistomum epiclitum, Gigantocotyle 
explanatum, hydatid cyst, and Strongyloides papilos-
sus [14,15,20].

The present study recorded moderate level 
of prevalence (31.33%) (Figures-1-3) of F. gigan-
tica seropositive animal, which seems to be due to 
heavy rainfall resulting into plenty of water body 

harboring the snail intermediate host. Depending on 
the agroclimatic conditions and the type of the rumi-
nant host, the researcher all over the world time to 
time reported the low-to-high level of prevalence of 
F. gigantica using specific diagnostic antigen in the 
ELISA [10,12,18,27,28]. The water-loving nature of 
the buffaloes could be hypothesized that they can have 
more incidence rate of F. gigantica over the cattle. 
Interestingly, in the current work, there was non-sig-
nificant (p>0.05) difference in the seroprevalence rate 
of tropical liver fluke between cattle and buffaloes 
(Figure-1), and this might be due to the adoption of 
the same pattern of rearing of the large ruminants by 
the farmers in the study area [29].

The reactivity observed in plate-ELISA in terms 
of OD values at 450 nm between the positive and ref-
erence/field negative sera in both cattle and buffaloes 
was significantly (p<0.05) different (Figure-4). The 
moderately reacted bovine in dot-/plate-ELISA fall at 
the borderline and can be shifted toward the up-/down-
side of the reactivity of F. gigantica infection [14,15].

In spite of many merits of CP-based ELISA, the 
one major inherited demerit is that being the antibody 
detection test, unable to differentiate the active and 
passive infection status of the animals. Hence, we have 
to consider the clinical status of the animals to ascer-
tain the final infection status of the animals [30,31].
Conclusion

Overall, we pass our recommendation to the said 
laboratory to move forward and come up with a first 
field-based detection kit for the tropical fasciolosis 
using the CP antigen in paper-/dot-ELISA, which will 
be very useful for field veterinarians for quick and 
timely detection of the animals requiring urgent ther-
apy with the flukicide at the farmer’s doorstep.
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