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Abstract 

In this work we report the protection found in a vaccination trial performed in sheep with two different vaccines 
composed each one by a cocktail of antigens (rCL1, rPrx, rHDM and rLAP) formulated in two different adjuvants (Mon‑
tanide ISA 61 VG (G1) and Alhydrogel®(G2)). The parameters of protection tested were fluke burden, faecal egg count 
and evaluation of hepatic lesions. In vaccinated group 1 we found a significant decrease in fluke burden in compari‑
son to both unimmunised and infected control group (37.2%; p = 0.002) and to vaccinated group 2 (Alhydrogel®) 
(27.08%; p = 0.016). The lower fluke burden found in G1 was accompanied by a decrease in egg output of 28.71% in 
comparison with the infected control group. Additionally, gross hepatic lesions found in vaccine 1 group showed a 
significant decrease (p = 0.03) in comparison with unimmunised-infected group. The serological study showed the 
highest level for both IgG1 and IgG2 in animals from group 1. All these data support the hypothesis of protection 
found in vaccine 1 group.
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Introduction
Fasciolosis caused by the liver fluke Fasciola hepatica is 
widespread worldwide with presence in more than 81 
countries [1]. It has a wide range of hosts, ungulates and 
other mammals including humans and it is considered 
as an emerging zoonotic disease by the World Health 
Organisation (WHO) [2]. Fasciolosis supposes a major 
problem in farming industry since it is of particularly 
importance in livestock, specially ruminants in which 
the disease is responsible for substantial economic losses 
estimated at 3.2 US$ billion/year [3]. These costs are due 
to both losses in production (i.e. milk, carcass composi-
tion as well as a delay to reach an appropriate slaughter 
weight) and treatment with anthelmintic drugs [4–6].

Traditionally, the control of the disease has been car-
ried out using flukicides together with an adequate pas-
ture management. Nevertheless, the incorrect use of such 
drugs resulted in the development of the anthelmintic 
resistance phenomena [7–12]. Simultaneously, there is 
a growing concern in consumers about the presence of 
chemical residues in animal products and the presence 
of these residues often force farmers to have withdrawal 
periods before animal products could be consumed.

Taking all issues into account the search of an effective 
vaccine seemed to be the best option [13]. Thus, during 
the last three decades, several researchers have been try-
ing to identify molecules from the parasite with antigenic 
capacity as vaccine candidates [4, 13, 14]. Some of these 
vaccination trials have been conducted using only one 
antigen, a mixture of two antigens or, in recent years, a 
cocktail of molecules composed by more than two anti-
gens mixed with adjuvants to help boost the immune 
system [15–19]. Nevertheless, results have shown vari-
able results in terms of protection [15, 20–24] and 
consequently, to date, there is no vaccine formulation 
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sufficiently efficient to reach commercial development. 
This is probably because Fasciola hepatica immunomod-
ulates the host’s immune response toward a non-protec-
tive profile [25], even from early stages of the infection 
[14, 25–27].

In this work we report the results of a vaccination trial 
performed in sheep using two different vaccine candi-
dates, each one composed by a cocktail of F. hepatica 
recombinant molecules formulated in different adjuvants.

Materials and methods
Experimental design and vaccine preparation
Thirty-seven 8-month-old male Merino-breed sheep 
obtained from a liver-fluke free farm were used for this 
study. Prior to commencing the trial, all animals were 
tested for parasite eggs three times at 4 days intervals by 
zinc-sulphate-based flotation technique, and were also 
serologically tested for F. hepatica specific antibodies 
by ELISA, with negative results in all cases. During the 
experiment, animals were housed indoors in the experi-
mental farm of the University of Córdoba and fed with 
hay and commercial pellet.

Sheep were randomly distributed into four groups. 
Groups 1 and 2 (n = 10 each) were immunised subcuta-
neously, twice, 4 weeks apart, with two different vaccine 
formulations which included F. hepatica recombinant 
cathepsin L1 (rCL1), F. hepatica recombinant peroxire-
doxin (rPrx), F. hepatica recombinant helminth defence 
molecules (rHDM) and F. hepatica recombinant leu-
cine aminopeptidase (rLAP), plus the adjuvants Mon-
tanide ISA 61 VG (G1) (Seppic, Puteaux, France) and 
Alhydrogel® 2% (G2) (InvivoGen, San Diego, CA, USA), 
respectively. For each vaccine dose, 100 µg of each anti-
gen were used and mixed with 1 mL of adjuvant. Group 
3 (n = 10) was not immunised and was orally challenged 
and group 4 (n = 7) was neither immunised nor infected 
and remained as negative control group.

For vaccine preparation, rCL1 (FHU62288) was gen-
erated by expression of the cDNA in Saccharomyces 
cerevisiae as previously described [28], expression and 
purification of rHDM (F6KNY7) was conducted in E. 

coli [29], rLAP (Q17TZ3) was obtained by cloning the 
cDNA in frame in BamHI and BglII sites of linearized 
pThio HisC E. coli, as previously described [30], and rPrx 
(U88577) was obtained by inserting the cDNA into the 
pPRO Ex HtA vector (Life Science Market-Gentaur Ltd. 
Hertfordshire, UK) and used to transform E. coli BL21-
DE3 [31].

Four weeks after the second immunisation animals 
from group 1, 2 and 3 were experimentally infected with 
150 metacercariae of the South Gloucester strain of Fas-
ciola hepatica (Ridgeway Research Ltd, UK). On week 
15 post-infection, euthanasia was conducted by intrave-
nous injection of T61® (MSD Animal Health, Salamanca, 
Spain) according to manufacturer’s instruction.

Fluke burden and egg output
For fluke burden evaluation, the liver was removed from 
each animal during necropsy, the gallbladder was opened 
using a blunt scissor and carefully examined for the pres-
ence of flukes. Then, bile ducts were cut and opened, and 
flukes were recovered. Finally, the liver was cut into small 
pieces of 1 cm-side and placed into warm water (40  °C) 
for 30 min to collect the remaining flukes. All flukes were 
counted and measured (length and width) and the results 
were expressed as mean ± SD. From 8th week after infec-
tion (wai) to the end of the experiment (15th wai), faecal 
samples were collected individually from each sheep, 
weekly, and faecal egg counts (FEC) were performed by 
zinc-sulphate-based flotation technique. Briefly, three 
grams of faeces were mixed with zinc-sulphate solution. 
Then, the solution was placed in a McMaster chamber 
and eggs were counted, with a sensitivity of 25 eggs per 
gram (EPG). Results were expressed as cumulative EPG.

Gross pathology
At necropsy, the liver was removed and photographed on 
the visceral and diaphragmatic surface for gross evalu-
ation. The gross lesions observed in liver were scored 
separately by two pathologists in a blind way according 
the score showed in Table 1. Additionally, tissue samples 
from the left and right hepatic lobe were collected and 

Table 1  Score system to evaluate hepatic gross lesions in sheep

Score Gross pathology

0 Absolutely no pathology evident, liver normal colour, consistency, and no visible signs of fluke lesions

1 Small areas of scar tissue and lesions, < 5% of the liver affected

2 Moderate areas of scar tissue and lesions, occurring in 5–10% of the liver

3 Moderate areas of scar tissue, thickening of bile ducts, small to moderate areas of necrosis, pus, 10-20% of liver affected

4 Moderate to large areas of scar tissue, thickened bile ducts evident. Moderate areas of necrosis, pus, haemorrhage, 20-30% of liver affected

5 Large areas of scar tissue, thickened bile ducts. Multiple necrotic foci, pus, haemorrhage, severe degeneration and > 30% of the total liver 
affected
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fixed in 10% buffered formalin, embedded in paraffin wax 
and 4 µm thick sections were stained with the haematox-
ylin–eosin method for histopathological evaluation (data 
not shown).

Antibody detection
Humoral immune response was analysed by detection 
of specific antibodies against F. hepatica (rCL1, rHDM, 
rPrx and rLAP), using the ELISA method. Briefly, 96 
well microtiter plates (Sarstedt, Nümbrecht, Germany) 
were coated with 1 μg/mL of the corresponding antigen 
diluted in 0.05  M carbonate–bicarbonate buffer pH 9.6 
(100 μL/well), and incubated overnight at 37 °C. After five 
washes with PBS 0.05% Tween 20, 100 μL/well of block-
ing buffer containing 1% BSA diluted in PBS was added 
and incubated for 30 min at 37 °C. To detect IgG1, wells 
were washed and 100 μL/well of plasma diluted in block-
ing buffer was added and incubated at 37 °C for 30 min. 
Triple serial dilutions (starting at 1:100) were performed 
to determine endpoint titre. For IgG2 detection, 100 μL/
well of plasma diluted at 1:10 was added to each well and 
incubated at 37 °C for 30 min. After washing, 100 μL/well 
of primary antibody diluted 1:5000 (mouse anti-bovine 
IgG1 and anti-bovine IgG2; 7500820–7500830 Cedi-
Diagnostics), in blocking buffer was added and incubated 
at 37 °C for 30 min. After incubation, wells were washed 
and anti-mouse IgG-HRP was added at 37 °C for 30 min 
(AbD-Serotec, STAR13B). The plate was washed and 
100 μL/well of tetramethylbenzidine (TMB-Sigma) were 
added and incubated at room temperature for 10  min. 
The reaction was stopped by adding 50 μL/well of 1  M 
sulfuric acid and optical density was measured at 450 nm 
using a microplate photometer (MultiskanTM FC, 
Thermo Scientific). Results were expressed as antibody 
titre − log10 − for IgG1, and as optical density for IgG2.

Statistical analysis
Statistical analysis was carried out using JASP version 
0.13.1 (JASP Team 2020) and GraphPad Prism version 
8 (GraphPad Software Inc., San Diego CA, USA). Shap-
iro- Wilk test was applied to evaluate whether distribu-
tions were parametric. Comparisons between groups 
were made using the U Mann–Whitney test for non-par-
ametric distributions and unpaired t test for parametric 
distributions. For serological study, the non-parametrical 
ANOVA Kruskall-Wallis test with Dunn’s post hoc test 
was carried out. Data from gross lesions were shown as 
ordinal values (ranged from 0 to 5) and were expressed 
as median with 25th and 75th percentiles (P25–P75). A p 
value < 0.05 was considered statistically significant.

Results
Fluke burden and faecal egg count
Data from fluke burden and faecal egg count are shown 
in Table  2. Fluke burden (expressed as mean ± SD) was 
42.57 ± 12.34 for group 1; 58.38 ± 9.84 for group 2 and 
67.78 ± 13.85 for group 3. Statistical study (unpaired t 
test) showed a significant decrease of the fluke burden in 
group 1 in comparison with the positive control (group 
3) (37.2%; p = 0.002). In the same way, group 1 group 
showed a significant decrease in fluke burden in compar-
ison with group 2 (27.08%; p = 0.016). A non-significant 
reduction of 13.8% of the fluke burden was observed in 
group 2 when compared to the control group 3.

In respect to faecal egg count, overall, a high variability 
within each group was observed. The cumulative FEC at 
the end of the experiment showed a total of 1925, 3300, 
2700 epg for group 1, group 2 and group 3, respectively. 
When data were compared, no statistical difference was 
observed between groups. The comparative analysis 
showed a decrease in the cumulative FEC of 28.71% in 
group 1 in comparison with the control group. No par-
asites nor liver fluke eggs were detected in the negative 
control group 4.

Gross pathology
Gross hepatic lesions consisted of scars and tortuous 
white tracts, affecting mainly the hepatic left lobe and 
in a lesser degree the right and quadrate hepatic lobes as 
well as enlargement of gallbladder and bile ducts. High 
variability was found in all groups. Results from gross 
pathology are shown in Table  3. The statistical analysis 
showed a significant decrease in group 1 score (median 1: 
CI 95% P25(1)-P75(3) p = 0.03) in comparison with group 
3 (median 3: CI 95% P25(2.5)-P75(4.5)). As commented 
above, there were no statistical differences between 
group 1 and group 2 (median 3: CI 95% P25(3)-P75(4)). 
No statistical differences were found between group 2 in 
comparison with group 3.

Table 2  Results from  fluke burden and  faecal egg count 
(individually and cumulative per group)

Individually faecal egg count is expressed as median with P25–P75. Fluke 
burden is expressed as mean ± SD.

*Statistical differences (p < 0.05) compared with group 3.
†  Statistical differences (p < 0.05) compared group 2.

Fluke burden FEC (individually) FEC 
(cumulative)

Group 1 42.57 ± 12.34*, † 275 (150/425) 1925

Group 2 58.38 ± 9.84 425 (256.3/450) 3300

Group 3 67.78 ± 13.85 300 (125/450) 2700

Group 4 – – –



Page 4 of 9Zafra et al. Vet Res           (2021) 52:13 

The score obtained were also expressed as percent-
age of Light (score 1), Moderate-to- severe (scores 2–4), 
and very severe lesions (score 5). These results are also 
showed in Table  3. According to the score, group 1 
showed mostly light gross lesions (57.15%) and in a lesser 
degree moderate to severe lesions (42.85%). On the other 
hand, most of the lesions (85.70%) observed in group 2 
were moderate to severe and the rest were light (14.30%). 
Finally, the positive control group showed a 77.78% of 
moderate to severe lesions and was the only group with 

very severe lesions (22.22%). No lesions were observed in 
any of the animals from the control group 4.

Humoral immune response
Serological study was carried out at five timepoints dur-
ing the experiment: week 0, 8  weeks after first vaccina-
tion (8 wav) and 4, 8 and 12 weeks after infection (wai). 
In this study the levels of IgG1 (Figure 1) and IgG2 (Fig-
ure 2) against rCL1, rHDM, rLAP and rPrx were analysed 
for all groups. No specific antibodies against any of the F. 
hepatica molecules were detected in the negative control 
group (group 4) at any of the time points analysed.

Antibody response to rCL1
Both vaccinated groups showed a significant increase 
(p = 0.015 Group 1; p = 0.031 Group 2) of the IgG1 level 
after vaccination (8 wav) and a similar trend, though ani-
mals from group 1 displayed higher level during all time 
points. At 8 wav, there were no statistical differences for 
IgG1 between group 1 and 2. When data from group 1 
were compared to the control group 3 for 4, 8 and 12 
wai, significant differences were detected at all time 
points (Kruskall-Wallis p = 0.0001; Dunn’s p = 0.0002; 

Table 3  Results from gross pathology

Data are expressed as median with P25–P75.
*  Statistical differences (p < 0.05) compared with group 3.

Gross Pathology Light lesions Moderate-to-
severe lesions

Very 
severe 
lesions

Group 1 1 (1/3)* 57.16% 42.85% –

Group 2 3 (3/4) 14.30% 85.70% –

Group 3 3 (2.5/4.5) – 77.78% 22.22%

Group 4 – – – –

Figure 1  Level of IgG1 against rCL1, rHDM, rLAP and rPrx for group 1 (antigens + Montanide), group 2 (antigens + Alhydrogel) and 
group 3 (positive control). Each line represents the mean values obtained at each time point; bars indicate standard error. Asterisks indicate 
statistical differences (p < 0.05) in group 1 and 2, compared with group 3 and cross indicate statistical differences (p < 0.05) in group 1 compared 
with group 2.
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Kruskall- Wallis p = 0.0027; Dunn’s p = 0.003; Kruskall-
Wallis p = 0.0002; Dunn’s p = 0.001 respectively). Simi-
larly, statistical differences were observed at 8 wav 
(p = 0.004) and 4 wai (p = 0.0006), when production of 
IgG1 from group 2 and 3 were compared. Production of 
IgG1 in control group showed a significant increase at 8 
wai (p = 0.003), though level was lower compared to both 
vaccinated groups.

Production of IgG2 showed a significant increase 
in vaccinated group 1 at 8 wav (Mann–Whitney test 
p = 0.001) whereas a slight non-significant production 
was observed in group 2. In the positive control group, 
no production of IgG2 was observed during the trial.

Antibody response to rHDM
Production of IgG1 showed a similar dynamic along the 
trial for both vaccinated groups. After vaccination, a sig-
nificant increase was detected at 8 wav for group 1 and 2 
(p < 0.0001 Group 1; p = 0.04 Group 2) in comparison to 
group 3. This was followed by a decreasing tendency in 
the level of antibodies until the end of the trial, though 
higher titres were observed in group 1 at all timepoints. 
In the positive control animals (group 3), production of 

IgG1 showed a sharp increase at 4 wai (p = 0.003) and a 
steady level throughout the course of infection. At 12 wai, 
there were not statistical differences between groups for 
IgG1.

Production of IgG2 increased significantly at 8 wav in 
vaccinated groups (p = 0.015 in both groups) and dis-
played a similar tendency after infection, though animals 
from group 1 showed a slight increase at the end of the 
trial. In positive control animals, no significant produc-
tion was detected during the trial.

Antibody response to rLAP
A significant production (p = 0.015) of IgG1 was observed 
right after vaccination in both immunised groups (8 wav), 
after which a decreasing dynamic was detected until the 
end of the trial. Similar to the observation for rCL1 and 
rHDM, IgG1 titres in animals vaccinated with F. hepatica 
molecules plus Montanide ISA 61 VG (group 1) exhib-
ited the highest level during the experiment. In control 
group 3, significant IgG1 production was detected form 8 
wai onwards (p < 0.0001 at 8 wai; p = 0.010 at 12 wai).

Figure 2  Level of IgG2 against rCL1, rHDM, rLAP and rPrx for group 1 (antigens + Montanide), group 2 (antigens + Alhydrogel) and 
group 3 (positive control). Each line represents the mean values obtained at each time point; bars indicate standard error. Asterisks indicate 
statistical differences (p < 0.05) in group 1 compared with group 3 and cross indicate statistical differences (p < 0.05) in group 1 compared with 
group 2.
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Likewise, IgG2 production was significantly elevated 
after vaccination in groups 1 and 2 (8 wav) (p = 0.015 in 
both groups) and showed the higher values in animals 
from group 1 at all timepoints. The comparative analy-
sis exhibited significant differences between vaccinated 
groups at 8 wav (p = 0.019), 8 wai (p = 0.007) and 12 wai 
(p = 0.0006). No production of IgG2 was observed in 
control animals (group 3).

Antibody response to rPrx
Overall, dynamic of both antibody isotypes showed simi-
lar results to those described above. Production of IgG1 
was significantly increased after vaccination (8 wav) in 
group 1 (p = 0.015) and 2 (p = 0.015) being animals from 
group 1 those displaying the most elevated level through-
out the course of the experiment. Control animals (group 
3) produced specific-IgG1 from 4 wai onwards, though 
exhibiting a decreasing tendency.

A different dynamic was observed for production of 
IgG2 in both vaccinated groups. Although IgG2 was sig-
nificantly elevated right after vaccination in all immu-
nised animals (p = 0.015), sheep from group 1 exhibited 
an increasing trend in the IgG2 level in contrast to ani-
mals from group 2. No production was observed in the 
positive control animals.

Discussion
During the last 30 years, the development of an effective 
vaccine against fasciolosis has been a challenging issue 
among researchers. As in the present study, combination 
of different molecules (cocktail vaccines, multivalent vac-
cines) has been previously analysed with variable results 
[14, 21, 32, 33]. However, the interaction between anti-
gens in multivalent vaccines in fasciolosis is still unclear. 
Both synergy phenomena between antigens or com-
petition have been suggested [34]. The use of a cocktail 
vaccine of recombinant proteins has demonstrated suc-
cessful results in Teladorsagia infection in sheep, show-
ing higher level of protection than individual antigens 
[35].

In this experiment, the vaccine cocktail was com-
posed by four antigens with important functions in par-
asite’s life involved in migration, feeding, evasion of the 
immune response as well as with an immunomodulatory 
effect [21, 36]. Due to the role in crucial functions, cath-
epsins proteinases appeared as a promising candidate 
from the beginning [32, 37, 38]. Nevertheless, the results 
obtained with cathepsin L1 as vaccine antigen were vari-
able depending on the host (cattle, goat, or sheep) as well 
as the type of cathepsin used (native or recombinant). 
The most promising results were obtained in cattle with 
native cathepsins L. It was previously reported in bovines 
vaccinated with native cathepsin L1 and cathepsin 

L2 + liver fluke haemoblobin of F. hepatica a significant 
decrease of the fluke burden (53.7% and 72.4% respec-
tively), as well as a 98% anti-embryonation effect on eggs 
was found with CL2 + Hb vaccine [32]. Similarly, the 
same researchers observed by using the same F. hepat-
ica molecules (CL2 + Hb), a significant increase in IgG1 
levels as well as a positive correlation between these lev-
els of immunoglobulins and the fluke burden when cat-
tle, suggesting that it was possible to induce a protective 
response in cattle [38]. On the other hand, when recom-
binant antigens were applied, the use of adjuvant to boost 
immune response was required [22, 39, 40]. These stud-
ies performed with recombinant molecules and different 
adjuvants showed irregular results with a high variability 
in the protection rates found [14, 16, 39, 41, 42].

Leucine aminopeptidase (LAP) is involved in digestion, 
and possibly also invasion and migration through the 
hosts tissues [21, 33, 43]. Previous studies using recom-
binant LAP elicited parasite burden reduction of 49% 
and 89%, depending on the adjuvant used, though there 
was no reduction in the size of the parasites [21, 33]. LAP 
has been associated with other vaccine candidates to 
verify its effectiveness, both native and recombinant. In 
sheep, trials have been carried out with native cathepsins, 
CL1 and CL2 and LAP, both alone and in combination, 
with a reduction in the parasitic burden of 79% with the 
mixture of all three [33]. Moreover, the use of chimeric 
protein LAP + CL1 at different concentrations, induced 
protection with the maximum dose of the antigen (400 g) 
in relation to the parasitic burden (46.5%) [44]. These 
divergences between the level of protection reported and 
our results might be attributed to major differences in 
the vaccine formulation used, which may have led to the 
development of contrasting results in terms of vaccine 
efficacy. For instance, we recently reported significant B 
cell-based immune response differences in sheep when 
the same F. hepatica antigens were administered with dif-
ferent adjuvants, which resulted in diverse level of pro-
tection [24].

On the other hand, vaccination trials have recently 
been conducted using different fractions of HDM, CL1 
and LAP in sheep, using different adjuvants. With syn-
thetic HDM plus Quil A it was observed a delay in the 
production of antibodies and a slower growth of the liver 
flukes, as well as a lower production of antibodies [40]. 
Also, peroxiredoxin has been previously used in goats 
[15] and later in other host species in combination with 
LAP [45].

In our study, obtained results are indicative of cer-
tain level of protection and agree with previous studies 
carried out with native cathepsins, where similar indi-
cators were tested [32, 44]. Group 1 (cocktail + Mon-
tanide ISA 61VG) showed a significant protection in 
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terms of decrease of fluke burden (37.2%). There was 
no statistical difference between groups in cumulative 
FEC, probably due to the high variability within each 
group. Nevertheless, the comparative analysis revealed 
a decrease of 28.71% in cumulative FEC when group 
1 was compared to the positive control. These results 
coincide with a recent report carried out in sheep with 
a chimeric protein composed by LAP and CL1 which 
showed protection expressed as reduction in fluke bur-
den (25.5-46.5%) accompanied by a reduction in faecal 
egg count (22.7–24.4%) and higher titres of IgG1 and 
IgG2 [44]. These parasitological results are in accordance 
with the absence of very severe gross lesions as well as 
a decrease of 44.90% in moderate to severe gross lesions 
found in group 1 group in comparison with group 3. As 
a result, a significant decrease in gross lesions was found 
in group 1 in comparison with group 3. In addition, this 
decrease observed in gross pathology also corresponds to 
a significant decrease found in histopathological lesions 
compared again with group 3. In sheep from group 1, 
the presence of degenerated parasites and parasite eggs 
within the bile ducts as well as a different pattern in gran-
ulomatous lesions was observed. This finding supports 
the hypothesis of a certain degree of effective immune 
response against the parasite (data not shown). The dif-
ferences in gross lesions between groups 1 and 2 did not 
reach the level of significance probably due to the high 
individual variability.

In our experiment, two adjuvants mixed with the same 
antigenic cocktail were assessed. It is well known that 
selection of an adequate adjuvant is crucial in terms of 
eliciting protection. In our trial we could not include an 
adjuvant-control group which might have helped to eval-
uate the adjuvant effect on the level of protection elicited 
in vaccinated animals. However, in some vaccine trials, a 
highly significant adjuvant effect could be demonstrated, 
as described using LAP as antigen, with a range of pro-
tection between 49.5% and 86.7% depending on the adju-
vant used [21].

The significant protection observed in group 1 (Monta-
nide ISA 61 VG), agrees with previous studies performed 
in mice and cattle where Montanide was used as adju-
vant mixed with FhSAP2 in mice [46] and with rFhCL1 in 
cattle [39]. This protection could not be observed when 
aluminium adjuvant (Alhydrogel) was used. Although 
they have been used in many vaccines for over 90 years, 
there is still a controversy about the mode of action in 
ruminants, because most of the reports are based on 
in  vitro studies [47]. In a recent study, the molecular 
signature activated by aluminium hydroxide in sheep 
has been described, resulting in the induction of endog-
enous danger signals, whose specific effects remains to 
be elucidated: it may contribute to long-lasting immune 

activation or to overstimulation of the immune system 
[48].

The serological study for IgG1 levels showed a signifi-
cant increase for rCL1, rLAP and rPRx during all time-
points in group 1 in comparison with group 3. Group 
2 showed a lower IgG1 levels compared with group 1 
and significant increase in comparison with group 3. 
A similar pattern observed for IgG1 was also observed 
for IgG2. Thus, group 1 showed higher levels during the 
whole experiment, being significant in comparison with 
group 3. These results observed in group 1 agree with 
previous studies where high levels of antibodies were 
related with protection against Fasciola hepatica in 
ruminants [16, 21, 37, 44]. Furthermore, it was reported 
in sheep immunised with the same vaccine formulation 
of group 1, the recognition of different CL1 overlapping 
peptides from those observed in group 2 and 3, sup-
porting the hypothesis of induction of immune protec-
tion with the combination of Montanide and cocktail 
antigen [24]. Similar results to those reported in sheep 
were also observed in cattle [49].

For rHDM, although higher titres of IgG1 were 
observed in group 1 compared with group 3, only sig-
nificant differences were found at 8 wav and 4 wai, 
whereas this increase was significant for all timepoints 
for IgG2. It was observed, in vitro, supportive evidence 
that HDM play a key role for parasite survival [50–52] 
with potential as vaccine target.

In conclusion, the level of protection of a vaccine 
cocktail with two different adjuvants was assessed 
in sheep infected with F. hepatica. The combination 
with Montanide ISA 61 VG showed significant level 
of protection in comparison with unimmunised and 
infected group (37.2%) as well as a significant decrease 
in fluke burden and hepatic gross lesions. This group 
also showed a decrease of 28.71% in cumulative FEC. 
Finally, a strong humoral immune response was devel-
oped in animals with significant decrease of the fluke 
burden. These findings indicate certain level of protec-
tion conferred against F. hepatica with the combina-
tion of rCL1, rHDM, rPrx, rLAP and Montanide ISA 
61 VG. Nevertheless, more studies are needed using 
multivalent vaccines against F. hepatica to understand 
the nature of interactions (synergies or competition) 
between antigens with the aim to find the appropri-
ate vaccine formulation to confer an adequate immune 
protection.

Abbreviations
rCL1: Fasciola hepatica recombinant cathepsin L1; rHDM: Fasciola hepatica 
recombinant helminth defence molecules; rLAP: Fasciola hepatica recombi‑
nant leucine aminopeptidase; rPrx: Fasciola hepatica recombinant peroxire‑
doxin; wai: Weeks after infection; wav: Weeks after first vaccination; FEC: Faecal 



Page 8 of 9Zafra et al. Vet Res           (2021) 52:13 

egg count; EGP: Eggs per gram; TMB: Tetramethylbenzidine; SD: Standard 
deviation.

Acknowledgements
The authors are grateful to Dr Carlos Carmona and Jose Tort (Universidad de 
la República, Montevideo, Uruguay) for supplying the rLAP, and Professor John 
P. Dalton (School of Natural Sciences, National University of Ireland Galway, 
Galway, Ireland), for supplying the rCL1, rPrx and rHDM.

Authors’ contributions
JP and AMM designed and supervised the study. RZ, LB, RPC, VMH, MTRC 
and FJMM performed the experiments. RZ, LB, RPC, FJMM analysed data. RZ, 
LB and FJMM wrote the manuscript. All authors read and approved the final 
manuscript.

Funding
This study was supported by EU Grant (H2020-635408-PARAGONE).

Availability of data and materials
The datasets during and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The experiment was approved by the Bioethics Committee of the University of 
Cordoba (No. 1118) and was performed following European (2010/63/UE) and 
Spanish (L32/2007 and RD53/2013) directives for animal experimentation.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Animal Health Department (Parasitology and Parasitic Diseases), Faculty 
of Veterinary Medicine, University of Córdoba, Sanidad Animal Building, 
Rabanales Campus, Córdoba, Spain. 2 Department of Anatomy, Comparative 
Pathology and Toxicology, Faculty of Veterinary Medicine, University of Cór‑
doba, Sanidad Animal Building, Rabanales Campus, Córdoba, Spain. 

Received: 12 November 2020   Accepted: 11 January 2021

References
	1.	 Webb CM, Cabada MM (2018) Recent developments in the epidemiol‑

ogy, diagnosis, and treatment of Fasciola infection. Curr Opin Infect Dis 
31:409–414

	2.	 González LC, Esteban JG, Bargues MD, Valero MA, Ortiz P, Náquira C, Mas-
Coma S (2011) Hyperendemic human fascioliasis in Andean valleys: an 
altitudinal transect analysis in children of Cajamarca province, Peru. Acta 
Trop 120:119–129

	3.	 Mehmood K, Zhang H, Sabir AJ, Abbas RZ, Ijaz M, Durrani AZ, Ur Saleem 
MH, Rehman M, Iqbal MK, Wang Y, Ahmad HI, Abbas T, Hussain R, Ghori 
MT, Ali S, Khan AU, Li J (2017) A review on epidemiology, global preva‑
lence and economical losses of fasciolosis in ruminants. Microb Pathog 
109:253–262

	4.	 Beesley NJ, Caminade C, Charlier J, Flynn RJ, Hodgkinson JE, Martinez-
Moreno A, Martinez-Valladares M, Perez J, Rinaldi L, Williams DJL (2018) 
Fasciola and fasciolosis in ruminants in Europe: identifying research 
needs. Transbound Emerg Dis 65:199–216

	5.	 Howell A, Baylis M, Smith R, Pinchbeck G, Williams D (2015) Epidemiology 
and impact of Fasciola hepatica exposure in high-yielding dairy herds. 
Prev Vet Med 121:41–48

	6.	 Charlier J, Vercruysse J, Morgan E, van Dijk J, Williams DJ (2014) Recent 
advances in the diagnosis, impact on production and prediction of 
Fasciola hepatica in cattle. Parasitol 141:326–335

	7.	 Fairweather I (2011) Raising the bar on reporting ‘triclabendazole resist‑
ance’. Vet Rec 168:514–515

	8.	 Fairweather I, Brennan GP, Hanna REB, Robinson MW, Skuce PJ (2020) 
Drug resistance in liver flukes. Int J Parasitol Drugs Drug Resist 12:39–59

	9.	 Hanna RE, McMahon C, Ellison S, Edgar HW, Kajugu PE, Gordon A, Irwin D, 
Barley JP, Malone FE, Brennan GP, Fairweather I (2015) Fasciola hepatica: a 

comparative survey of adult fluke resistance to triclabendazole, nitroxynil 
and closantel on selected upland and lowland sheep farms in Northern 
Ireland using faecal egg counting, coproantigen ELISA testing and fluke 
histology. Vet Parasitol 207:34–43

	10.	 Novobilský A, Höglund J (2015) First report of closantel treatment 
failure against Fasciola hepatica in cattle. Int J Parsitol Drugs Drug Resist 
5:172–177

	11.	 Kelley JM, Elliott TP, Beddoe T, Anderson G, Skuce P, Spithill TW (2016) 
Current threat of triclabendazole resistance in Fasciola hepatica. Trends 
Parasitol 32:458–469

	12.	 Kelley JM, Rathinasamy V, Elliott TP, Rawlin G, Beddoe T, Stevenson MA, 
Spithill TW (2020) Determination of the prevalence and intensity of 
Fasciola hepatica infection in dairy cattle from six irrigation regions of 
Victoria, South-eastern Australia, further identifying significant triclaben‑
dazole resistance on three properties. Vet Parasitol 277:109019

	13.	 Molina-Hernández V, Mulcahy G, Pérez J, Martínez-Moreno A, Donnelly 
S, O’Neill SM, Dalton JP, Cwiklinski K (2015) Fasciola hepatica vaccine: 
we may not be there yet but we’re on the right road. Vet Parasitol 
208:101–111

	14.	 Toet H, Piedrafita DM, Spithill TW (2014) Liver fluke vaccines in ruminants: 
strategies, progress and future opportunities. Int J Parasitol 44:915–927

	15.	 Mendes RE, Pérez-Ecija RA, Zafra R, Buffoni L, Martínez-Moreno A, Dalton 
JP, Mulcahy G, Pérez J (2010) Evaluation of hepatic changes and local 
and systemic immune responses in goats immunized with recombi‑
nant Peroxiredoxin (Prx) and challenged with Fasciola hepatica. Vaccine 
28:2832–2840

	16.	 Buffoni L, Martínez-Moreno FJ, Zafra R, Mendes RE, Pérez-Écija A, Sekiya 
M, Mulcahy G, Pérez J, Martínez-Moreno A (2012) Humoral immune 
response in goats immunised with cathepsin L1, peroxiredoxin and 
Sm14 antigen and experimentally challenged with Fasciola hepatica. Vet 
Parasitol 185:315–321

	17.	 Zafra R, Pérez-Écija RA, Buffoni L, Moreno P, Bautista MJ, Martínez-Moreno 
A, Mulcahy G, Dalton JP, Pérez J (2013) Early and late peritoneal and 
hepatic changes in goats immunized with recombinant cathepsin L1 and 
infected with Fasciola hepatica. J Comp Pathol 148:373–384

	18.	 Zafra R, Pérez-Écija RA, Buffoni L, Pacheco IL, Martínez-Moreno A, 
LaCourse EJ, Perally S, Brophy PM, Pérez J (2013) Early hepatic and 
peritoneal changes and immune response in goats vaccinated with a 
recombinant glutathione transferase sigma class and challenged with 
Fasciola hepatica. Res Vet Sci 94:602–609

	19.	 Yap HY, Smooker PM (2016) Development of experimental vaccines 
against liver flukes. In: Sunil T (ed) Vaccine design. Methods and protocols, 
vol 2. Humana Press, New York

	20.	 Almeida MS, Torloni H, Lee-Ho P, Vilar MM, Thaumaturgo N, Simpson AJ, 
Tendler M (2003) Vaccination against Fasciola hepatica infection using 
a Schistosoma mansoni defined recombinant antigen, Sm14. Parasite 
Immunol 25:135–137

	21.	 Maggioli G, Acosta D, Silveira F, Rossi S, Giacaman S, Basika T, Gayo V, Rosa‑
dilla D, Roche L, Tort J, Carmona C (2011) The recombinant gut-associated 
M17 leucine aminopeptidase in combination with different adjuvants 
confers a high level of protection against Fasciola hepatica infection in 
sheep. Vaccine 29:9057–9063

	22.	 Villa-Mancera A, Reynoso-Palomar A, Utrera-Quintana F, Carreón-Luna 
L (2014) Cathepsin L1 mimotopes with adjuvant Quil A induces a Th1/
Th2 immune response and confers significant protection against Fasciola 
hepatica infection in goats. Parasitol Res 113:243–250

	23.	 Pérez-Caballero R, Siles-Lucas M, González-Miguel J, Martínez-Moreno 
FJ, Escamilla A, Pérez J, Martínez-Moreno A, Buffoni L (2018) Pathological, 
immunological, and parasitological study of sheep vaccinated with the 
recombinant protein 14-3-3z and experimentally infected with Fasciola 
hepatica. Vet Immunol Immunopathol 202:115–121

	24.	 Buffoni L, Garza-Cuartero L, Pérez-Caballero R, Zafra R, Martínez-Moreno 
FJ, Molina-Hernández V, Pérez J, Martínez-Moreno A, Mulcahy G (2020) 
Identification of protective peptides of Fasciola hepatica-derived cath‑
epsin L1 (FhCL1) in vaccinated sheep by a linear B-cell epitope mapping 
approach. Parasit Vectors 13:390

	25.	 Flynn RJ, Mulcahy G, Elsheikha HM (2010) Coordinating innate and adap‑
tive immunity in Fasciola hepatica infection: implications for control. Vet 
Parasitol 169:235–240

	26.	 Pérez-Caballero R, Buffoni L, Martínez-Moreno FJ, Zafra R, Molina-Hernán‑
dez V, Pérez J, Martínez-Moreno A (2018) Expression of free radicals by 



Page 9 of 9Zafra et al. Vet Res           (2021) 52:13 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

peritoneal cells of sheep during the early stages of Fasciola hepatica 
infection. Parasit Vectors 11:500

	27.	 Pérez-Caballero R, Martínez-Moreno FJ, Zafra R, Molina-Hernández V, 
Pacheco IL, Ruiz-Campillo MT, Escamilla A, Pérez J, Martínez-Moreno A, 
Buffoni L (2018) Comparative dynamics of peritoneal cell immunophe‑
notypes in sheep during the early and late stages of the infection with 
Fasciola hepatica by flow cytometric analysis. Parasit Vectors 11:640

	28.	 Roche L, Dowd AJ, Tort J, McGonigle S, McSweeney A, Curley GP, Ryan T, 
Dalton JP (1997) Functional expression of Fasciola hepatica cathepsin L1 
in Saccharomyces cerevisiae. Eur J Biochem 245:373–380

	29.	 Robinson MW, Donnelly S, Hutchinson AT, To J, Taylor NL, Norton RS, 
Perugini MA, Dalton JP (2011) A family of helminth molecules that modu‑
late innate cell responses via molecular mimicry of host antimicrobial 
peptides. PLoS Pathog 7:e1002042

	30.	 Acosta D, Cancela M, Piacenza L, Roche L, Carmona C, Tort JF (2008) 
Fasciola hepatica leucine aminopeptidase, a promising candidate for vac‑
cination against ruminant fasciolosis. Mol Biochem Parasit 158:52–64

	31.	 Sekiya M, Mulcahy G, Irwin JA, Stack CM, Donnelly SM, Xu W, Collins 
P, Dalton JP (2006) Biochemical characterisation of the recombinant 
peroxiredoxin (FhePrx) of the liver fluke, Fasciola hepatica. FEBS Lett 
580:5016–5022

	32.	 Dalton JP, McGonigle S, Rolph TP, Andrews SJ (1996) Induction of 
protective immunity in cattle against infection with Fasciola hepatica by 
vaccination with cathepsin L proteinases and with hemoglobin. Infect 
Immun 64:5066–5074

	33.	 Piacenza L, Acosta D, Basmadjian I, Dalton JP, Carmona C (1999) Vac‑
cination with cathepsin L proteinases and with leucine aminopeptidase 
induces high levels of protection against fascioliasis in sheep. Infect 
Immun 67:1954–1961

	34.	 Jayaraj R, Piedrafita D, Dynon K, Grams R, Spithill TW, Smooker PM (2009) 
Vaccination against fasciolosis by a multivalent vaccine of stage-specific 
antigens. Vet Parasitol 160:230–236

	35.	 Nisbet AJ, McNeilly TN, Wildblood LA, Morrison AA, Bartley DJ, Bartley Y, 
Longhi C, McKendrick IJ, Palarea-Albaladejo J, Matthews JB (2013) Suc‑
cessful immunization against a parasitic nematode by vaccination with 
recombinant proteins. Vaccine 31:4017–4023

	36.	 Dalton JP, Robinson MW, Mulcahy G, O’Neill SM, Donnelly S (2013) 
Immunomodulatory molecules of Fasciola hepatica: candidates for both 
vaccine and immunotherapeutic development. Vet Parasitol 195:272–285

	37.	 Mulcahy G, O’Connor F, McGonigle S, Dowd A, Clery DG, Andrews 
SJ, Dalton JP (1998) Correlation of specific antibody titre and avidity 
with protection in cattle immunized against Fasciola hepatica. Vaccine 
16:932–939

	38.	 Mulcahy G, Dalton JP (2001) Cathepsin L proteinases as vaccines against 
infection with Fasciola hepatica (liver fluke) in ruminants. Res Vet Sci 
70:83–86

	39.	 Golden O, Flynn RJ, Read C, Sekiya M, Donnelly SM, Stack C, Dalton 
JP, Mulcahy G (2010) Protection of cattle against a natural infection of 
Fasciola hepatica by vaccination with recombinant cathepsin L1 (rFhCL1). 
Vaccine 28:5551–5557

	40.	 Orbegozo-Medina RA, Martínez-Sernández V, González-Warleta M, 
Castro-Hermida JA, Mezo M, Ubeira FM (2018) Vaccination of sheep with 
Quil-A® adjuvant expands the antibody repertoire to the Fasciola MF6p/
FhHDM-1 antigen and administered together impair the growth and 
antigen release of flukes. Vaccine 36:1949–1957

	41.	 Villa-Mancera A, Quiroz-Romero H, Correa D, Ibarra F, Reyes-Pérez 
M, Reyes-Vivas H, López-Velázquez G, Gazarian K, Gazarian T, Alonso 
RA (2008) Induction of immunity in sheep to Fasciola hepatica with 
mimotopes of cathepsin L selected from a phage display library. Parasitol 
135:1437–1445

	42.	 Villa-Mancera A, Méndez-Mendoza M (2012) Protection and antibody 
isotype responses against Fasciola hepatica with specific antibody 
to pIII-displayed peptide mimotopes of cathepsin L1 in sheep. Vet J 
194:108–112

	43.	 Changklungmoa N, Chaithirayanon K, Kueakhai P, Meemon K, Riengrojpi‑
tak S, Sobhon P (2012) Molecular cloning and characterization of leucine 
aminopeptidase from Fasciola gigantica. Exp Parasitol 131:283–291

	44.	 Ortega-Vargas S, Espitia C, Sahagún-Ruiz A, Parada C, Balderas-Loaeza A, 
Villa-Mancera A, Quiroz-Romero H (2019) Moderate protection is induced 
by a chimeric protein composed of leucine aminopeptidase and cathep‑
sin L1 against Fasciola hepatica challenge in sheep. Vaccine 37:3234–3240

	45.	 Raina OK, Nagar G, Varghese A, Prajitha G, Alex A, Maharana BR, Joshi P 
(2001) Lack of protective efficacy in buffaloes vaccinated with Fasciola 
gigantica leucine aminopeptidase and peroxiredoxin recombinant 
proteins. Acta Trop 118:217–222

	46.	 Rivera F, Espino AM (2016) Adjuvant-enhanced antibody and cellular 
responses to inclusion bodies expressing FhSAP2 correlates with protec‑
tion of mice to Fasciola hepatica. Exp Parasitol 160:31–38

	47.	 Ghimire TR (2015) The mechanisms of action of vaccines containing 
aluminum adjuvants: an in vitro vs in vivo paradigm. Springerplus 4:181

	48.	 Varela-Martínez E, Abendaño N, Asín J, Sistiaga-Poveda M, Pérez MM, 
Reina R, de Andrés D, Luján L, Jugo BM (2018) Molecular signature of alu‑
minum hydroxide adjuvant in ovine PBMCs by integrated mRNA and 
microRNA transcriptome sequencing. Front Immunol 23:2406

	49.	 Garza-Cuartero L, Geurden T, Mahan SM, Hardham JM, Dalton JP, Mulcahy 
G (2018) Antibody recognition of cathepsin L1-derived peptides in 
Fasciola hepatica-infected and/or vaccinated cattle and identification of 
protective linear B-cell epitopes. Vaccine 36:958–968

	50.	 Martínez-Sernández V, Mezo M, González-Warleta M, Perteguer MJ, 
Gárate T, Romarís F, Ubeira FM (2017) Delineating distinct heme-
scavenging and -binding functions of domains in MF6p/helminth 
defense molecule (HDM) proteins from parasitic flatworms. J Biol Chem 
292:8667–8682

	51.	 Martínez-Sernández V, Perteguer MJ, Mezo M, González-Warleta M, 
Gárate T, Valero MA, Ubeira FM (2017) Fasciola spp: mapping of the MF6 
epitope and antigenic analysis of the MF6p/HDM family of heme-binding 
proteins. PLoS One 12:e0188520

	52.	 Robinson MW, Alvarado R, To J, Hutchinson AT, Dowdell SN, Lund M, 
Turnbull L, Whitchurch CB, O’Brien BA, Dalton JP, Donnelly S (2012) A 
helminth cathelicidin-like protein suppresses antigen processing and 
presentation in macrophages via inhibition of lysosomal vATPase. FASEB J 
26:4614–4627

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Efficacy of a multivalent vaccine against Fasciola hepatica infection in sheep
	Abstract 
	Introduction
	Materials and methods
	Experimental design and vaccine preparation
	Fluke burden and egg output
	Gross pathology
	Antibody detection
	Statistical analysis

	Results
	Fluke burden and faecal egg count
	Gross pathology
	Humoral immune response
	Antibody response to rCL1
	Antibody response to rHDM
	Antibody response to rLAP
	Antibody response to rPrx

	Discussion
	Acknowledgements
	References




