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Introduction 
  
The common liver flukes Fasciola hepatica and F. 
gigantica are causative agents of fasciolosis: a glob-
al zoonotic parasitic disease. Although fasciolosis 
commonly occurs in liver and biliary ducts, ec-
topic fasciolosis may occur in the peritoneal cavi-
ty, lungs, subcutaneous tissue, lymph nodes, eye, 

and other locations (1, 2). Besides causing disease 
in humans, it can induce mortality and morbidity 
in sheep and cattle industry (3). 
As these flat worms parasitize mollusks and ver-
tebrate hosts, accurate and fast detection of them 
is of vital importance for facilitating control and 

Abstract 
Background: Fasciolosis is a shared disease between humans and livestock caused by hepatic trematodes; 
Fasciola hepatica and F. gigantica. Differentiate between the two species of this genus is essential. High-Resolution 
Melting (HRM) Analysis represents a new approach to this issue. This method can be performed right after 
termination of Real-Time PCR. This technique has not been used for identification of adult F. hepatica and F. 
gigantica genotypes. The aim of this study was to determine Fasciola species by using HRM in isolates taken from 
Iran, respectively. 
Methods: Ninety-three Fasciola spp. samples were collected from infected slaughtered animals in different re-
gions of Iran, including North West (Ardebil Province) and South East (Zahedan Province) during 2016. Ge-
nomic DNA from the samples was extracted using a DNA extraction kit and then after Real-Time PCR ampli-
fication, HRM was done.  
Results: Overall, 59 and 34 isolates were identified as F. hepatica and F. gigantica, respectively. The percentages 
of each species from animals were as follows: sheep (F. hepatica, 80.39% and F. gigantica, 19.61%), cattle (F. hepat-
ica, 42.85% and F. gigantica, 57.15%). 
Conclusion: HRM technique developed in the present study is a powerful, rapid and sensitive technique for 
epidemiological survey and molecular identification between F. hepatica and F. gigantica. 
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prevention strategies of fasciolosis in humans and 
animals (4). One of the fast, sensitive and specific 
approach for detection and evolutionary analysis 
of Fasciola spp. are molecular techniques. Despite 
existence of many diagnosis tools like microsco-
py, radiology, ultrasound, CT, MRI, serological 
and clinical tests for detection of fasciolosis, un-
satisfactory amounts of sensitivity and specificity 
have been obtained in many studies (5). Emerg-
ing of molecular methods was a turning point to 
accurate and precise detection and species identi-
fication of parasites. Molecular methods not only 
offer an appropriate impediment for detection of 
Fasciola spp. in mammals, but also in detection of 
infected snails in the epizootiological studies of 
these flukes (6). 
Toward this end, many molecular techniques 
have been used by researchers that vary from 
conventional PCR methods like PCR-RFLP, 
PCR-SSCP and multiplex PCR to quantitative 
and qualitative real-time PCR (qRT-PCR) tech-
nology (7-10). 
Indeed real-time PCR has brought the detection 
of parasitic diseases to another level, with signifi-
cant sensitivity, easier performance, and no post-
PCR operation compared to conventional PCR 
methods. HRM analysis is a novel method that 
allows us rapid screening and detection of closely 
related species in a laboratory (11). The steps in 
HRM analysis entangle amplification of the 
wanted region in the presence of a specialized 
dsDNA binding dye and step by step denatura-
tion of amplicons by increasing the temperature 
in small increments in order to produce a charac-
teristic melting profile called melting analysis 
(12). To date, the HRM has mostly been used in 
molecular studies of parasitic protozoa and rarely 
for parasitic worms (11,13,14).  
The genes targeted for molecular strategies 
against Fasciola spp. are the ITSI and ITSII of nu-
clear DNA and COI from mitochondrial DNA. 
The COI gene fragment introduced as a most 
variable marker recommended for future analyses 
(15,3).  
In this study, we developed a qualitative real-time 
PCR method appeared with HRM analysis for 

the detection of the two Fasciola spp. In samples 
taken from Ardebil and Zahedan provinces, 
northwestern and southern Iran, respectively.  
The study was conducted as a complementary 
case to previous studies on genotype (16) and 
morphological verifications (17).  
In this study, we aimed to develop a qualitative 
real-time PCR method appeared with HRM anal-
ysis for the detection of the two Fasciola spp. 
Samples were taken from Ardebil and Zahedan 
provinces, northwestern and southern Iran, re-
spectively.  

 
Material and Methods  
 
Sample collection 
Ninety-three adult trematodes of Fasciola spp. 
located within the bile ducts of infected cattle 
(n=42 samples) and sheep (n=51 samples), were 
collected from slaughterhouses in two different 
regions of Iran from Nov 2016 to Jan 2017. The 
study was conducted in Meshkinshahr City, Ar-
debil Province, North West and Zabol City, Sis-
tan, and Baluchistan Province, South East, Iran 
(Fig. 1). The flatworms were extensively washed 
in physiological saline and preserved in >70° 
(v/v) ethanol and then frozen at -20 °C until 
DNA extraction. 
Ethics Committee of Tehran University of Medi-
cal Sciences approved the study. 

 
DNA extraction 
Before DNA extraction, all individual worms 
rinsed three times with PBS to remove the etha-
nol. Genomic DNA (Gdna) was extracted from 
small portion of apical region of adult trematodes 
to avoid entry female genitalia that likely to outer 
sperm. Gdna from individual worms was extract-
ed using a QIAamp DNAeasy, Hilden, Germany, 
according to the manufacturer’s reference proto-
cols with some modifications. The concentration 
of the extracted DNA was specified by 
NanoDrop (Thermo Scientific, Rockford, IL, 
USA), and after that, the samples were stored at -
20 °C for further analysis.  
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Fig. 1: Sistan and Baluchestan Province (South East) and Ardebil Province (North West), Iran. 

The Meshkinshahr and Zabol cities are highlighted in yellow 

 
DNA amplification and HRM 
The mitochondrial sequences were amplified us-
ing specific primers for the COI gene, (forward 
A.H.S-CO1-F 5’- GGGCATCCTGAGGTTTATGT-3’ 
and reverse A.H.S-CO1-R 5’- AACATTATCAAC-

CAGGAAAAGACC-3’ design was carried out using 
the sequences available on GenBank and in contin-
uation. Primers were obtained using the program 
PRIMER BLAST 
(http://www.ncbi.nlm.nih.gov/tools/primer-
blast/) and rechecked with Beacon Designer8.12, 
PREMIER BIOSOFT software from the con-
sensus sequence obtained by the multiple align-
ments, with an expected amplicon size of 266 bp 
for all the sequences. 
PCR was performed in 20 Ml final reaction vol-
ume containing 10 Ml master mix (Type-it HRM 
PCR Kit; Qiagen, Hilden, Germany), 5.2 Ml dis-
tilled water, 0.4 Ml of each primer, and 4 Ml of 
template DNA. Enzymatic reaction was per-
formed as follows: the reaction mixture was heat-
ed for initial denaturation step at 95 °C for 10 
min, followed by 40 cycles of amplification per-
formed at 95 °C for 30 sec for denaturation step, 
55 °C for 40 sec, for annealing section, 72 °C for 

30 sec related to extension portion, and a final 
extension step at 72 °C for 6 min after 40 cycles. 
HRM temperature was raised from 70 °C to 95 
°C. During this process, the amplicons obtained 
from PCR were denatured prior to the develop-
ment of melting curves in the inflexion point 
where changes in fluorescence with respect to 
changes in temperature (Df/Dt) were recorded 
with a ramp of 0.3 °C/sec (18). Fluorescence dye 
signaling was measured after each cycle. The kit 
contained the novel double-stranded DNA-
binding fluorescent dye, EvaGreen, and an opti-
mized HRM PCR master mix buffer, consisting 
of HotStarTaq plus DNA polymerase, Q-
Solution, and dNTPs.  
We used a positive standard control for F. hepatica 
and F. gigantica available in the Department of 
Medical Parasitology and Mycology, School of 
Public Health, Tehran University of Medical Sci-
ences. 
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. 
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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 amplifications (inter-assay). The coef-
ficient of variation (CV) was calculated by divid-
ing the standard deviation (SD) by the arithmetic 
mean of the measured values of Tm (CV ＝ 
SD[Le, 2012 #11]/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 
Fasciola spp.  
 

Results 
 

Real-Time PCR amplification and HRM 
analysis 
In accordance with Real-Time PCR and HRM 
analysis procedure, among 93 samples containing 
cattle (n=42 samples) and sheep (n=51 samples) 
were amplified using partial sequence of COI gene 
of Fasciola spp., and then HRM was performed. Tm 
analysis was repeated three times in each run to 
confirm the repeatability of the Tm assay (Table 1).  

 
Table 1: Mean Tm, SD, and CV calculated based on intra- and inter-assay of cox1 gene sequence of Fasciola spp. 

 

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

Inter-assay 
CV (%) 

cox1     
F. hepatica 
F. gigantica 
 

76°C 
77.1°C 

 

0.14 
0.10 

 

0.05 
0.07 

 

0.12 
0.11 

 

  
The result of HRM analysis showed that 59 and 
34 isolates were identified as F. hepatica and F. 
gigantica, respectively. The percentages of each 
species from animals were as follows: Sheep (F. 
hepatica, 80.39% and F. gigantica, 19.61%), cattle 
(F. hepatica, 42.85% and F. gigantica, 57.15%). The 

melting curve and HRM curve analysis of the 
Fasciola spp. Identified and shown in Figs. 2 and 
3. The real-time PCR melting curve results indi-
cated that the mean Tm, SD, CV calculated based 
on intra- and inter-assay was separated by each 
genotype of Fasciola spp. 

 

 
 

Fig. 2: HRM based on (EvaGreen) Aligned Melt curves analyses and identified Fasciola spp. In sheep and cattle using 
COI gene 
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Fig. 3: Derivative Melt Curves of the analyzed and identified Fasciola spp. In sheep and cattle using COI gene 

 

Discussion 
 
Following previous studies and because of the 
importance of fascioliasis in Iran, more compre-
hensive studies on this parasite and the diagnosis 
of its species are necessary to achieve this goal 
(19, 20). In the previous studies, PCR-RFLP 
technique on ITSI gene was used to determine 
the species of Fasciola and compare it with the 
sequencing and morphology methods (16,17). 
In the present assay, we successfully developed a 
real-time PCR and HRM technique on COI gene 
for rapid, sensitive and precise differentiation of 
F. hepatica and F. gigantica using only a single pair 
of primers. The average Tm variation obtained by 
melting curve analysis was about 1˚C. This find-
ing indicates a sufficient ability and reliability of 
the assay for distinguishing these two parasites.  
The real-time PCR and HRM assay often are able 
to scan even a one SNP, it is likely to be able in 
significant distinct of the intermediate form of 
Fasciola spp. in endemic regions. However, this 
method cannot be a proper substitute for se-
quencing in terms of aforementioned point. 
The results of this study were completely con-
sistent with the previous studies carried out using 
the PCR-RFLP technique on ITSI gene, sequenc-
ing and morphology methods on the Fasciola. iso-
lates of Ardabil Province (16, 17). 
Despite the satisfactory results of molecular meth-
ods, according to previous studies different sensi-
tivity and specificity have been acquired from 

variety of DNA based techniques (from conven-
tional to real-time PCR) (15, 21, 22). There are 
many target genes employed for detection of Fasci-
ola spp. including rRNA gene (ITSI and ITSII) of 
genomic DNA (22), and NADH and COI of the 
mitochondrial DNA (17, 19, 23). Several PCR-
RFLP assays have been described for discrimina-
tion of F. hepatica, F. gigantica that targeting the 28S 
rRNA, ITSI and ITSII (15, 16, 18, 21). In addition, 
a PCR-SSCP on ITSI region of rRNA was defined 
for distinction between F. hepatica, F. gigantica and 
the intermediate species in China (7). A multiplex 
PCR was designed for simultaneous amplification 
of mitochondrial DNA and ITS region of Fasciola 
spp. in mammalian and intermediate hosts (24, 
25). Real-time PCR, as a more sensitive molecular 
approach, has been used in some studies focused 
on liver fluke (7, 10).  
Whenever HRM is incorporated in real-time 
PCR, this allows us nonstop quantitative detec-
tion of the parasites. The present study has been 
done for the first time in the world while there 
are some studies used HRM for identification 
and genotyping of other parasites. For example, 
the real-time PCR and HRM technique was used 
for identification of Echinococcus spp. in Isfahan 
Province of Iran (26, 27). In addition this tech-
nique was applied for genotyping of protozoan 
parasites like Plasmodium spp., Giardia spp. and 
Cryptosporidium spp. (4, 7, 12, 28). 
It has been described as a robust assay for the 
rapid detection for phylum Platyhelminthes such 
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as Fascioloides magna, Schistosoma spp., Clonorchis 
sinensis and Opisthorchis viverrini (6, 29). 
Finally, this assay needs to be more developed by 
performing on large sample size in wide 
geographical regions in the world especially in 
endemic areas such as Iran. Besides, the efficacy 
of this technique should be evaluated on discrim-
ination of intermediate species in the region that 
both of F. hepatica and F. gigantica exist.  
The limitations of this study included the small 
sample size and non-overlapping all geographic 
regions of Iran. The advantage, however, is that 
HRM technique was performed for the first time 
in the world to molecular identification between 
F. hepatica and F. gigantica. 
 

Conclusion 
 
HRM technique developed in present study is a 
powerful, rapid and sensitive technique for epi-
demiological survey and molecular identification 
between F. hepatica and F. gigantica. 
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