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Introduction 
 
Fascioliasis emerges as a parasitic disease of hu-
man and animal and considers as a neglected 
worldwide disease (1). Fascioliasis can be trans-
mitted through contaminated foods and is among 
the most dangerous parasitic diseases (2). It has 
been observed an increase in human infection 
with fascioliasis for four decades that predicts the 
number of 2.400.000 people in 61 counties with 
populations 180 million at fascioliasis risk (3). 

Human and animal infections can occur by two 
species of fascioliasis including Fasciola hepatica 
and F. gigantica. The latter appears to be a more 
serious causative infection agent rather than the 
former. This can be due to the size of parasite in 
F. gigantica (4). Both species, however, show some 
overlaps across geographical areas (5).  
It is of concern to distinguish between species of 
fascioliasis according to different environmental 
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and biological features these intermediate hosts 
can indicate. Moreover, hybridization may occur 
in the case of species co-existence. F. hepatica and 
F. gigantica intermediate hosts have been reported 
some countries of Asia including China (6), Iran 
(5), Korea (7), Japan (8), Vietnam (9, 10), and 
Africa such as Egypt (11, 12). In general, the dis-
tinction between both species is difficult accord-
ing to the criteria of phenotypic (13).  
Crucial findings may be revealed in the case of 
performing an investigation on the species in 
Iran, given the increase in the number of sporad-
ic infections in some provinces this country in-
cluding Gilan, Mazandaran, Tehran, Kerman-
shah, Kohgiluyeh and Boyer-Ahmad, Khuzestan, 
and Lorestan, respectively (14). Besides, regard-
ing the importance of geography of Lorestan as 
well as its neighboring province including Ker-
manshah, it demands researches to address the 
diagnosis and genotype of Fasciola. Currently, 
identifying parasites requires molecular methods 
that address the progress, epidemiology, diagno-
sis, prevention, treatment, genetic pattern detec-
tion, drug, and vaccine resistance of this process. 
Regarding this, an accurate and reliable molecular 
method should be adopted that allows identifica-

tion of the Fasciola species and a distinction be-
tween both (15, 16).  
For utilizing a quick and accurate method for two 
species differentiation (i.e. F. hepatica and F. gigan-
tica), the current paper implements the method of 
HRM. Sampling is performed using the slaugh-
terhouses located in the province of Lorestan.  
 

Materials and Methods 
 
Sample collection  
Eighty adult trematodes of F. hepatica and F. gigan-
tica were located within the bile ducts of infected 
cattle (n=30 samples), goat (n=25 samples) and 
sheep (n=25 samples), were collected from 
slaughterhouses in Lorestan Province, West of 
Iran including Khorramabad, Aligudarz and Bo-
rujerd (Fig. 1) from Sep 2015 to Aug 2017. The 
flatworms were extensively washed in physiologi-
cal saline and preserved in >70° (v/v) ethanol 
and then frozen at -20 °C until DNA extraction. 
The study was conducted in the Department of 
Medical Parasitology and Mycology, School of 
Public Health, Tehran University of Medical Sci-
ences, Tehran, Iran. Ethics Committee of Tehran 
University of Medical Sciences approved the cur-
rent study (IR.TUMS.SPH.REC.1398.203). 

 

 
 

Fig. 1: Geographical location of Lorestan province. Sites of collected of cattle, goat and sheep in the districts under 
study (identified with name and black stars). These areas include: Khorramabad, Aligudarz and Borujerd City 
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DNA extraction 
Before DNA extraction, all individual worms 
washed three times with PBS to remove the eth-
anol. Genomic DNA was extracted from small 
part of apical region of adult trematodes to avoid 
entry female genitalia that likely to outer sperm. 
DNA from individual worms was extracted using 
a DNA Extraction Kit (Bioneer, Korea), accord-
ing to the manufacturer’s reference protocols 
with some modifications. The concentration of 
the extracted DNA was evaluated by NanoDrop 
(Thermo Scientific, Rockford, IL, USA), and af-
ter that, the samples were stored at -20 °C for 
further analysis. 
 
DNA amplification and HRM 
For the amplification of cytochrome c oxidase 
subunit 1 (COX1) gene for specific detection of 
F. hepatica, (forward AHS-F.h-COX1-F primer [5-
AGATTTGGGCTTTGGTTGCTCGG-3] and 
reverse AHS-F.h-COX1-R primer [5-
GACAAACAAACACAAGCAGGCAAT-3] and, 
(forward AHS-F.g-COX1-F primer [5-
GCTTTGAGTGCTTGGTTGTTGC-3] and 
reverse AHS-F.g-COX1-R primer [5-
TATATGACGACCAGTACCCTCGC-3] for 
specific detection of F. gigantica. Moreover, the 
multilocus sequences were amplified using uni-
versal primers. For the ND6 gene, primers (for-
ward AHS-ND6-F [5-
TTCTATTCATATACCTAACC-3] and reverse 
AHS-ND6-R [5-TAACCACAACATTAACAC-
3] as well as for amplification of COX3 gene, 
primers (forward AHS-COX3-F [5-
GAAAGTTGTTAGGCTTGTG-3] and reverse 
AHS-COX3-R [5-
AATCATCCTCAACCGTTAT-3] design was 
carried out using the sequences available on 
GenBank and in continuation, Primers were ob-
tained using the software PRIMER BLAST 
(http://www.ncbi.nlm.nih.gov/tools/primer-
blast/) and rechecked with Beacon Designer 
8.12, PREMIER BIOSOFT software from the 
consensus sequence obtained by the multiple 
alignments, with an expected amplicon size of 
440, 240, 221, 180 bp for COX1 F. hepatica, 

COX1 F. gigantica, ND6 and COX33 gene se-
quences respectively.  
PCR was performed in 20 mL final reaction vol-
ume containing 4 mL master mix (HOT FIRE-
Pol® EvaGreen® HRM Mix; Solis BioDyne, 
Tartu, Estonia), 10 mL distilled water, 0.5 mL of 
each primer, and 5 mL of template DNA. We 
defined three different temperature zones for 
specific annealing and best amplification for each 
primer and in continuation, the enzymatic reac-
tion was performed under the following condi-
tion with specific temperature for each zone: the 
reaction mixture was heated for initial denatura-
tion step at 95 °C for 10 min, followed by 30 and 
40 cycles of amplification related to COX1 and 
COX3/ND6 respectively were performed at 95 
°C for 30 sec for denaturation step, 63.5 °C, 52 
°C and 48.5 °C for 30 sec belonging to COX1, 
COX3 and ND6 for annealing part, 72 °C for 30 
sec related to extension portion, and a final ex-
tension step at 72 °C for 7 min after 30 and 40 
cycles. High Resolution Melting temperature was 
raised from 65 °C to 85 °C and 95°C. During this 
process, the amplicons obtained from PCR were 
denatured prior to the development of melting 
curves in the inflexion point where changes in 
fluorescence with respect to changes in tempera-
ture (dF/dT) were recorded with a ramp of 0.3 
°C/sec. Fluorescence dye signaling was measured 
after each cycle. The kit contained the novel 
double-stranded DNA-binding fluorescent dye, 
EvaGreen, and an optimized HRM PCR master 
mix buffer, consisting of HotStarTaq plus DNA 
polymerase, Q-Solution, and dNTPs.  
Real-time PCR was carried out in a Mini Opticon 
real-time PCR detection system (Applied Biosys-
tems Step One Plus Inc., CA, USA). The Real-
Time amplification result and Tm analysis were 
obtained using the Step One PlusTM software ver. 
2.3(Life technologies@). Tm analysis was repeated 
three times in each run to confirm the repeatabil-
ity of the Tm assay by estimating the Tm variation 
within a PCR amplification (intra-assay), and be-
tween PCR amplification (inter-assay). The coef-
ficient of variation (CV) was calculated by divid-
ing the standard deviation (SD) by the arithmetic 
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mean of the measured values of Tm 
(CV=[SD]/mean value).  
Furthermore, to check the uniformity of temper-
ature in the cycler block, a number of samples 
were re-amplified at different positions of the 
cycler block during the same amplification cycle. 

The intra-assay CVs represent the mean CVs of 
the results obtained from the replications of all 
the Fasciola spp. in the same run. The inter-assay 
CVs represent the mean CVs for the results ob-
tained from 3 separate runs for each gene (Table 
1).

 
Table 1: Mean Tm, SD, and CV calculated based on intra- and inter-assay of each gene sequences (COX1 F. hepatica, 

COX1 F. gigantica, ND6 and cox3) of Fasciola. spp. 

 

Gene Mean Tm (°C) SD Intra-assay 
CV* (%) 

Inter-assay 
CV (%) 

COX1   F. hepatica     

F. hepatica  
F. gigantica 

84.6°C 
--- 
 

0.13 
--- 
 

0.03 
--- 
 

0.11 
--- 
 

COX1   F. gigantica     

F. hepatica  
F. gigantica  

--- 
80.2°C 

 

--- 
0.11 

 

--- 
0.09 

 

--- 
0.16 

 
ND6     
F. hepatica  
F. gigantica  

78.26°C 
76.64°C 

 

0.11 
0.13 

 

0.08 
0.06 

 

0.12 
0.10 

 
COX3     
F. hepatica  
F. gigantica  

80.77°C 
80.87°C 

 

0.10 
0.11 

 

0.05 
0.04 

 

0.12 
0.11 

 

 

Results  
 

According to real-time PCR coupled with HRMA 
assay, using four sequence gene, among eighty 
samples of F. hepatica and F. gigantica including 30 
cattle, 25 goats and 25 sheep, were amplified us-
ing partial sequences of COX1, ND6 and COX3 
gene of Fasciola spp., and then HRM was per-
formed. Tm analysis was repeated three times in 
each run to confirm the repeatability of the Tm 
assay described in Table 1. Overall, 61 and 19 
Isolates were identified as F. hepatica and F. gigan-
tica respectively. All pair of primers related to 
four different sequences gene were amplified ex-
cellently and confirmed Fasciola spp. and among 
them, the primers pair designed to amplify COX1 
gene were able to distinguish F. hepatica from F. 
gigantica. Thus, the primer pair designed to COX1 
gene to detection of F. hepatica was not capable of 

amplified F. gigantica and on the contrary the pri-
mer pair was designed to amplified COX1 gene 
of F. gigantica unable to amplify the genome of F. 
hepatica. Insilico analysis of ND6 and COX3, we 
have seen that primers designed for these two 
genes, like COX1 primers, can be able to amplify 
specifically the Fasciola spp. genome, but in ex-
perimental analysis the results showed that pri-
mers pair designed for the ND6 and COX3 
genes were not capable of specific amplification 
of F. hepatica and F. gigantica genome and could 
not separate them from each other. For this rea-
son, we named these primers pair, universal pri-
mers, because they were able to amplify both ge-
nomes of F. hepatica and F. gigantica. 
The real-time PCR melting curve and HRMA 
results indicated that the mean Tm, SD, CV cal-
culated based on intra- and inter-assay of the 
COX1, ND6 and COX3 were separated by each 
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strain of Fasciola spp. respectively. Real-time PCR 
amplification and HRMA of the Fasciola spp. de-
tection by multilocus sequencing are shown in 

Figs. 2-7 according to four different sequences 
genome. 

 

 
 

Fig. 2: HRM based on (EvaGreen) Aligned Melt curves analyses and identified F. hepatica in cattle, goat and sheep 
using specific primer pair of COXI gene 

 

 
 

Fig. 3: HRM based on (EvaGreen) Aligned Melt curves analyses and identified F. gigantica in cattle, goat and sheep 
using specific primer pair of COXI gene 
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Fig. 4: HRM based on (EvaGreen) Aligned Melt curves analyses and identified F. hepatica and F. gigantica in cattle, 
goat and sheep using specific primer pair of ND6 gene 

 

 
 

Fig. 5: HRM based on (EvaGreen) Aligned Melt curves analyses and identified F. hepatica and F. gigantica in cattle, 
goat and sheep using specific primer pair of COX3 gene 
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Fig. 6: Amplification plot of F. hepatica and F. gigantica in cattle, goat and sheep using specific primer pair of COX3 
gene 

 

 
 

Fig. 7: Amplification plot of F. hepatica and F. gigantica in cattle, goat and sheep using specific primer pair of ND6 
gene 

Discussion 
 
In this study, we investigated different gene se-
quences to separate F. hepatica from F. gigantica. 
Overall, 61 samples from 80 collected samples 
were related to F. hepatica and 19 samples to F. 
gigantica. In the present study, three mitochondrial 
genes including Cox1, Cox3, and ND6 were used 

to evaluate multilocus genome .The primers of 
these genes were designed so that F. hepatica or F. 
gigantica could be specifically amplified, of which 
only the Cox1 gene could specifically be ampli-

fied and separated F. hepatica from F. gigantica, but 
on the contrary other two genes unlike Insilico's 
evaluations, could not specific amplification of 
genome and simultaneously it had amplified the 
F. hepatica and F. gigantica genomes, which were 
unable to distinguish these two species due to the 
existence of overlap in their Tm.  
So far, many studies have been done in the world 
and in Iran to separate F. hepatica from F. gigantica 
that using of different genres such as ITS1, ITS2, 
COX1 and ND1 and different methods such as 
PCR, RFLP-PCR and Real-time PCR could sepa-
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rate F. hepatica and F. gigantica (7, 17-19). The pre-
sent study is the first multilocus genomes study 
using HRM technique to identity different spe-
cies of Fasciola and specific amplification of each 
species using specific primers. In the current 
study, a certain amount of the adult worm cervi-
cal area of both species was removed for extrac-
tion of DNA, and all samples were extracted us-
ing the same method. The Ct of all F. hepatica 
samples was lower than F. gigantica as the mean of 
Ct are 19.9 and 28 respectively, easily separated in 
the amplification plot using COX3 and ND6 
genes (Figs. 6 and 7).  
So far, several studies have been done using 
HRM technique in Iran (20, 21) and other parts 
of the world. A study was done in Iran to evalu-
ate the genetic diversity of Echinococcus granulosus 

using the COX1 gen (21). 
In Egypt, using the ITS1 and COX1 genes, all 
the Fasciola were Hepatica species (22). Compari-
son of F. hepatica with F. gigantica indicated that F. 
hepatica differs more than 6 nucleotides with F. 
gigantica from Egypt, Japan, and Indonesia, 
whereas only one nucleotide of interspecific dif-
ference was observed in the COX1 gene (22). In 
Nepal, 81 Fasciola isolated was investigated using 
gene areas of ITS1 and ND1, and 75.3% F. hepat-

ica and 24.7% F. gigantica were identified (23). In 
Iran, in Kohgiluyeh and Boyer-Ahmad Province, 
70.7% and 29.3% of the samples were identified 
regarding to F. hepatica and F. gigantica, respective-
ly (24). In another study in Iran, 96% F. hepatica 
and 4% F. gigantica were detected in the samples 

(25). 
 

Conclusion 
 
F. hepatica and F. gigantica are both common in 
Iran, therefore, an appropriate method for differ-
entiating these two species is necessary. HRM is a 
simple, fast and reliable method for detecting and 
differentiating F. hepatica from F. gigantica and can 
be used for diagnostic and epidemiological pur-
poses. The HRM method can be used for the 
proper identification of Fasciola species. 
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