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Polymerase chain reaction followed by high resolution melting (PCR-HRM) analysis is a simple, rapid and ac-
curate method for molecular detection of various nematode species. The objective of the present study was, for
Sheep the first time, to develop a PCR-HRM assay for the detection of various animal Trichostrongylus spp. A pair of
PCR . primers targeting the ITS-2 rDNA region of the Trichostrongylus spp. was designed for the development of the
gsl'i':zi;ir:gmn HRM assay. DNA samples were extracted from 30 adult worms of Trichostrongylus spp., the ITS-2-rDNA region
Iran was amplified using PCR, and the resultant products were sequenced and characterized. Afterwards, the PCR-

HRM analysis was conducted to detect and discriminate Trichostrongylus spp. Molecular sequence analysis re-
vealed that 24, 4, and 1 of the samples were T. colubriformis, T. vitrinus and T. capricola, respectively. Results
from PCR-HRM indicated that complete agreement was relatively found between speciation by HRM analysis
and DNA sequencing for the detection of Trichostrongylus species. The PCR-HRM analysis method developed in
the present study is fast and low-cost; the method can be comparable with other molecular detection techniques,

representing a reliable tool for the identification of various species within the Trichostrongylus genus.

1. Introduction

Intestinal parasitic nematodes are a major impediment to health and
production in livestock industries worldwide. These nematodes are
considered to be a major cause of economic losses, leading to decreased
meat, wool, and milk production, as well as weight loss and increased
mortality rates of livestock [1-3]. Among these nematodes, Trichos-
trongylus spp. were demonstrated to be highly prevalent and pathogenic
in domesticated and wild herbivores. Trichostrongylus spp. are the major
health challenges in the tropical regions, which are ubiquitous among
herbivores. On the other hand, Trichostrongylus spp. occasionally infect
humans, especially those live in the Middle East and Asia [4]. Epide-
miological studies showed a worldwide distribution of Trichostrongylus
infections in humans, having the highest prevalence rates in individuals
from regions with poor sanitary conditions and rural areas, or in
farmers/herders. Humans infected with the parasite present with sto-
machaches, abdominal bloating, diarrhea, and eosinophilia [5]. Out of
more than 30 species infecting mammals, only 10 species are able to
infect humans [6]. Seven species of Trichostrongylus have been re-
ported in Iran, among which T.colubriformis was identified more fre-
quently in human beings [7]. Therefore, more comprehensive

parasitological and epidemiological studies are required to help prac-
tical prevention and control of this parasitic zoonosis.

To design effective parasite control strategies, there is a need for
unequivocal detection and characterization of Trichostrongylus spp. for a
better understanding of the epidemiology, anthelmintic treatment ef-
ficacy, and drug resistance. Microscopic examination of stool specimens
for parasite eggs is currently a routine laboratory method for the de-
tection of Trichostrongylus. However, microscopic examination faces a
variety of critical challenges, including difficulty to identify different
species due to similarity among nematode species, being time con-
suming, insensitive and nonspecific, as well as requiring some expertise
and experience [8]. Therefore, it is extremely important to develop
highly sensitive and reliable diagnostic methods capable of accurately
identifying helminth eggs, which in turn help control parasitic infec-
tions among humans.

A great number of studies have highlighted the important role of
molecular techniques to detect and discriminate various parasite spe-
cies [9,10]. The second internal transcribed spacer (ITS-2) of nuclear
ribosomal DNA (rDNA) was demonstrated to be a reliable genetic
marker for the detection of a broad range of nematodes, ranging from
the order Strongylidae to species [11]. In addition, the 18 S rRNA gene
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contains alternating regions of sequence conservation and hetero-
geneity. The conserved regions are frequently used for phylogenetic
analysis of higher taxonomic orders (for example; phylum, family, and
genus), whereas sequence diversity regions are of great importance for
the characterization of isolates at genus or species levels. Indeed, iso-
lates showing sequence identity more than 97 % in the 18S rRNA gene
are generally considered as the identical species. The rRNA ITS-1 and
ITS-2 gene regions, when compared with the rRNA genes, are generally
more variable, representing valuable targets for speciation and identi-
fication. The identity of the testing organism is defined by its ITS se-
quence similarity (%) to the type strain or control isolates: species, =
99 %; genus, 93-99 %; and inconclusive, <93 % [12].

PCR followed by sequencing can be an alternative molecular
method to detect Trichostrongylus genus which is increasingly used for
species confirmation [13,14]. PCR-sequencing, when compared with
the conventional microscopic method, is more sensitive and is be-
coming increasingly available [15,16]. However, direct DNA sequen-
cing is time-consuming and expensive for the widespread use of this
technology [17].

Polymerase chain reaction followed by high resolution melting
(PCR-HRM) analysis is an alternative molecular technique developed to
screen variations in DNA sequences [18]. In this method, a fluorescent
dye capable of binding to double-stranded DNA is added to amplicons
resulting from the PCR reaction. When temperature increases, the
double-stranded DNA is dissociated into single strands, leading to a
decrease in fluorescence intensity that is measured by a detector. Var-
iations in DNA sequences produce alterations in the melting char-
acteristics of DNA amplicons, leading to differences in melting curve
shapes of different DNA sequences. The application of this technique is
less time-consuming, simpler, and more sensitive than previous tech-
niques [19,20].

Quantitative real-time PCR (qPCR) assays provide a highly sensitive
tool to diagnose and quantify parasitic infections. In addition, qPCR
followed by high-resolution melt analysis (HRM) is a useful tool for the
specific identification of DNA amplicons based on their melting tem-
peratures, thereby facilitating fast diagnosis. A number of successful
PCR-HRM analyses were previously used to distinguish a variety of
parasite species in different genera, such as Cryptosporidium [21],
Giardia [22,23], Leishmania [24], Naegleria [25], Plasmodium [26,27],
Schistosoma [28,29], Trypanosoma [30], Ancylostoma [31], Brugia
[32,33] and Fasciola [34], as well as strains of Echinococcus granulosus
[35], and Spirocerca lupi [36]. To the best of our knowledge, PCR-HRM
has not been used for the identification of Trichostrongylus spp. In the
present study, we exploited PCR-HRM, employing ITS-2 as a genetic
marker, for rapid differential diagnosis of various species of Trichos-
trongylus genus infecting sheep.

2. Materials and methods
2.1. Ethical statement

The study was approved by the Ethics Committee of Kashan
University  of  Medical  Sciences, Iran  (Approval ID:
IR.KAUMS.MEDNT.REC.1396.112, 2017).

2.2. Parasite preparation and microscopic detection

Thirty adult fresh Trichostrongylus samples isolated from 70 natu-
rally-infected sheep were collected at slaughterhouse in Isfahan
Province, Iran, during 2018. All the specimens were first examined
using the 10x objective of a compound microscope for the identification
of Trichostrongylus spp. based on standard keys [37,38]. The isolated
worms were preserved in absolute ethanol and then transferred to the
Parasitology Lab, for further study. The samples were extensively wa-
shed in PBS for three times to remove ethanol, and then stored at
—20 °C for DNA extraction.
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2.3. DNA extraction

Before extraction, adult worms were treated with lysis buffer, frozen
in liquid nitrogen at —196 °C, and then thawed in hot water bath at
70-80 °C for three times (10 min for each step). The freeze & thaw
method facilitates cell membrane breakage and the release of DNA for
further experimentation. The genomic DNA of Trichostrongylus spp. was
extracted from each fresh adult worm using AccuPrep tissue DNA
Extraction Kit (Bioneer, Korea, K-3032) according to manufacturer's
instruction. DNA quantity was determined using an Epoch™ Microplate
Spectrophotometer (Biotek, USA). Finally, DNA from each sample was
stored at —20 °C until the next step.

2.4. Primer design

Primers were designed from the ITS-2 region of the eight species of
Trichostrongylus ribosomal DNA because the region contains both highly
conserved and variable regions. ITS-2 sequences of T. axei
(MH481571), T. capricola (JF276022), T. colubriformis (MH481550), T.
longispicularis (KY355070), T. probolurus (JQ925867), T. retortaefoemis
(KC521412), T. rugatus (KC521396), and T. vitrinus (JF680986) were
obtained from NCBI GenBank, followed by multiple sequence alignment
using CLC Main Workbench 5 (Toolbox: Create Alignment). After
identification of the specific and conserved regions in the ITS-2 region
for each Trichostrongylus spp., a pair of primers with degeneracy
(Forward: TGTGATRATTCCCATTTYAGTH, and Reverse: YAAACAGT-
RACAACACCTTCACA) was designed for the HRM analysis. Primer-
BLAST analysis was performed to check the specificity of the primer
pair. Temperature suitable for primer annealing was determined by CLC
Main Workbench 5 (Toolbox: Analyze Primer Properties). To determine
the optimal primer annealing temperature for empirical specificity of
PCR, temperature-gradient PCR was conducted using a LightCycler 96
system (Roche Diagnostics, Germany) at a final volume of 50 ul, con-
taining 25 ul Taq 2x master mix (Ampliqon), 0.2 u M of each primer and
30 ng of genomic DNA. The thermal cycling conditions were as follows:
initial denaturation at 95 °C for 5 min, followed by 30 cycles at 95 °C for
30s,55 = 5°Cfor 30s, 72 °C for 30 s, and a final extension at 72 °C for
30min. Following gradient conventional PCR, electrophoresis was
carried out for the PCR products on a 1 % agarose gel (w/v). Gel was
stained with EchoRed (BioBasic, Canada) and visualized under the UV
light by Gel Documentation System (SABZ Biomedicals, Iran).

2.5. PCR-HRM analysis

All PCR-HRM reactions were performed with 4uL of 5x HOT
FIREPol® EvaGreen® HRM Mix (Solis BioDyne, Estonia), 200 nM of each
primer and 60 ng of DNA in a total volume of 20 uL, according to the
manufacturer’s protocol. A LightCycler® 96 system (Roche Diagnostics,
Germany) was used for amplification, and the cycling conditions were
as follows: for PCR, initial activation at 95 °C for 12 min; followed by 45
cycles of 95 °C for 155, 52 °C for 20 s and 72 °C for 20's; and for HRM a
dissociation cycle consisting of 95 °C for 60s, 40 °C for 60s, 65 °C for
1s, and 97 °C for 1s. Each PCR run contained a negative control (no
template). Data were acquired and analyzed using LightCycler® 96
SW1.1. All curves were analyzed following normalization, temperature
shifting, and the inspection of different plots. All amplified products
were sequenced (Bioneer, Korea) and the resulting data were analyzed
to ensure the homology of ITS-2 regions using BLASTn. Sequence
analysis was performed using CLC Main Workbench 5 software.

3. Results

The Trichostrongylus genus was characterized in 70 samples using
morphological examinations, and molecular studies were conducted on
30 samples (numbered as 1-30). One pair of primers was designed
using ITS-2 rDNA sequences of Trichostrongylus spp. (Fig. 1A). The in
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Fig. 1. (A) The multiple sequence alignment for consensus ITS-2 sequences of eight Trichostrongylus spp. The sequences were aligned using CLC Main Workbench 5.
The green boxes represent the common forward and reverse of the eight Trichostrongylus spp. (B) Electrophoresis bands resulting from amplification of ITS-2 rDNA

regions using the common primer pair for the eight Trichostrongylus spp.

silico study of the pair primer, designed to amplify the target sequence
of the ITS-2 rDNA region, was found to be specific to T. axei, T. capri-
cola, T. colubriformis, T. longispicularis, T. probolurus, T. retortaefoemis, T.
rugatus, and T. vitrinus. According to the in silico analysis, the PCR
product size was estimated to be approximately 100 bp. Optimal primer
annealing temperature for empirical specificity of PCR was obtained by
temperature-gradient PCR. Our findings indicated that 52 °C is optimal

annealing temperature for the pair primer suitably able to amplify the
specific region in the ITS-2 sequence of genomic DNA. No amplification
was found in template controls. All the results showed that the PCR-
HRM assay could be highly specific for targeting the Trichostrongylus
spp.

Thirty DNA extractions were amplified using the pair primer in PCR
reactions. No PCR product was found in gel electrophoresis for sample
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Table 1
Trichostrongylus spp. detected via both PCR-sequencing and PCR-HRM assays (N = 30).
Tm HRM group Identity (%) Coverage (%) Subject (top score) Sample
(query)
76.82 G1 100 99 T. colubriformis (MH581147) 1
76.47 Gl 100 98 T. colubriformis (MH581147) 2
76.48 Gl 100 100 T. colubriformis (MH581147) 3
76.58 Gl 100 100 T. colubriformis (MH581147) 4
76.14 Gl 100 100 T. colubriformis (MH581147) 5
76 Gl 98.08 100 T. vitrinus (KR020012) 6
76.18 Gl 100 98 T. colubriformis (MH581147) 7
76.13 G1 100 98 T. colubriformis (MH581147) 8
76.31 Gl 99.02 98 T. colubriformis (MH581147) 9
76.11 Gl 99.02 98 T. colubriformis (MH581147) 10
76.63 G1 99.02 99 T. colubriformis (MH581147) 11
76.09 Gl 100 98 T. colubriformis (MG770110) 12
76.5 Gl 99.01 97 T. colubriformis (MH581147) 13
76.35 G1 100 100 T. colubriformis (MH581147) 14
76.52 Gl 98.04 98 T. colubriformis (MH581147) 15
78.56 G3 99.02 98 T. colubriformis (MH581147) 16
76.64 Gl 91.35 100 T. colubriformis (MH581147) 17
76.12 G1 100 100 T. colubriformis (MH581147) 18
76.41 Gl 91.09 96 T. colubriformis (MH581147) 19
76.41 Gl 98.04 98 T. colubriformis (MH581147) 20
75.62 G4 99 96 T. capricola (JF276023) 21
76.32 G2 96.12 100 T. vitrinus (MH047842) 22
76.5 G2 100 100 T. vitrinus (KC998732) 23
Negative — — — 24
76.36 Gl 99.04 100 T. colubriformis (MH581147) 25
76.45 Gl 99.04 100 T. colubriformis (MH581147) 26
76.39 Gl 100 100 T. colubriformis (MH581147) 27
76.22 G2 99.04 100 T. vitrinus (KR020012) 28
76.31 Gl 100 100 T. colubriformis (MH581147) 29
76.33 Gl 100 100 T. colubriformis (MH581147) 30

24, indicating the inability of the primer pair to anneal to the ITS-2
sequence (Fig. 1B). Twenty-nine PCR products were purified for se-
quencing. Species identification was conducted by Sanger sequencing of
the ITS-2 PCR products for all samples. Results from BLASTn search
identified three Trichostrongylus spp. in the samples, including T. colu-
briformis, (n = 24), T. vitrinus (n =4), and T. capricola (n = 1)
(Table 1).

Afterwards, all Trichostrongylus DNA samples (n = 30) were sub-
jected to PCR-HRM analysis. Normalization regions of 72.7-73.7 °C and
79.1-80.1 °C were used. Fig. 2 indicates the normalized HRM curves for
the amplicons from the Trichostrongylus spp. A sharp decrease in
fluorescence was detected in denatured DNA for each species, as shown
in the normalized fluorescence curves (Fig. 2), which was consistent
with its respective melting profile (Fig. 3). During PCR-HRM, genomic
DNA molecule from each species relatively produced a unique melting
plot which was useable to distinguish each species from other species.
After PCR-HRM analysis, the samples were divided into four groups,
including groups G1 (samples 1-16, 18-20, 25-27, 29, and 30), G2
(samples 22, 23, and 28), G3 (sample 17), and G4 (sample 21). More-
over, no PCR-HRM result was found for sample 24 (Table 1). The spe-
cies-specific identification of Trichostrongylus isolates by the PCR-HRM
assay was approximately consistent with sequencing analysis.

4. Discussion

Nowadays, diagnosis of Trichostrongylus infection is challenging in
the control strategy due to difficult identification of various
Trichostrongylus spp. from adult worms. Although diagnosis of
Trichostrongylus infection is essential for the control of parasitic infec-
tions, current methods, such as morphological assays used for the de-
tection of this parasite, are normally predicated on the observations of
light microscopy. More importantly, such methods possess some dis-
advantages [39], such as being time-consuming, inability to provide
quantitative data [40,41], and decreased possibility to distinguish the

species belonging to a genus. Of note, most studies highlighted the
significant role of molecular techniques as valuable tools to identify and
discriminate Trichostrongylus spp. Some PCR-based approaches were
developed for epidemiologic studies, based on amplification of ribo-
somal DNA ITS-1 or ITS-2 as an identification target [11,15,16,42-44]
while there is no PCR-HRM method to distinguish Trichostrongylus spp.
Therefore, the present study explored the use of PCR-HRM assays to
identify species of Trichostrongylus adult worms.

Classification of Trichostrongylus spp. based on conventional mor-
phological methods is relatively reliable for Trichostrongylus males.
However, these methods are laborious and lack the ability to recognize
female worms [15]. The conventional methods for diagnosis of different
Trichostrongylus spp. are time-consuming, suffer from contamination
risks, and remain difficult to distinguish species that are morphologi-
cally similar to each others [45,46].

In the present study, we successfully developed a specific real-time
PCR and HRM technique on ITS-2 gene for rapid and precise differ-
entiation of Trichostrongylus spp. using only a single primer pair. The
primer set for Trichostrongylus was designed to amplify an internal re-
gion harboring the ITS-2, as a genetic marker for the detection and
differentiation of Trichostrongylus [11,44].

The average Ty, variation obtained by melting curve analysis was
about 1°C. This result showed a sufficient ability and reliability for
distinguishing these four parasites. Following previous studies and be-
cause of the importance of Trichostrongylus infections worldwide, there
is a need for more comprehensive studies on this parasite and the di-
agnosis of its species. The rDNA is among the most frequently-used
targets for PCR, due to their high copy number and their ability to
display nucleotide sequence variability among species, facilitating
identification of parasite species [47].

In this investigation, we evaluated the accuracy of our molecular
approach by direct sequencing of all amplicons from sheep samples.
Our results showed that PCR-HRM could be a suitable and rapid tool for
the diagnosis of Trichostrongyliasis with the ability to differentiate
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Fig. 2. Representative profiles of the melting curves (upper) and differences plots (lower) of ITS-2 amplicons for T. capricola (green, G4), T. colubriformis (gray and
blue, G1 and G3) and T. vitrinus (red, G2). Normalized fluorescence is plotted against temperature (°C).

various species of Trichostrongylus.

Therefore, to assess and promote the diagnosis of various
Trichostrongylus spp., the present study explored the use of PCR-HRM
assays to detect adult parasites. The molecular protocol applied in this
study was associated with amplification of ITS-2 regions of rDNA from
different Trichostrongylus spp., and analysis of melting curves obtained
from them. The PCR-HRM used for ITS-2 showed a fair potential for the
detection of this parasite species. In recent years, PCR-based techniques
have been certified for species identification and phylogenetic analysis
of Trichostrongylus nematodes in ruminants worldwide, [16,48-51] and
PCR-HRM can be helpful for these purposes. This assay needs to be

evaluated on a large sample size in various geographical regions in the
world especially in endemic areas. The advantage, however, is that the
PCR-HRM technique was performed for the first time in the world for
molecular identification of Trichostrongylus spp.

Since Trichostrongyliasis is one of the most prevalent zoonotic
parasitic diseases worldwide, it is expected that a cost-effective and
easy to set-up assay could help better detect Trichostrongylus spp. in-
fections.
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Fig. 3. Representative profiles of the melting peaks of ITS-2 amplicons for Trichostrongylus spp. (left). Box plot shows melting curve temperatures (Ty,) for each

Trichostrongylus spp. in PCR-HRM analysis (right).
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5. Conclusion

The developed PCR-HRM technique in the present study permits to
diagnose Trichostrongylus spp. among the four most relevant groups,
including T.colubriformis. T.capricula, T.vitrinus, and T.probblorous.
Consequently, this powerful, easy, low-cost, and sensitive assay has the
ability to achieve suitable results less than two hours. The developed
molecular procedure combined with microscopy would allow a more
careful screening in animals for this disease.
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