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ARTICLE INFO ABSTRACT

Fasciolosis is a disease caused by the genus Fasciola which attacks wild animals, livestock and humans. Molecu-
lar characterization of Fasciola sp. important for identifying the species Fasciola sp. The aim of this research was
to analyze the characteristics of the worm Fasciola sp. molecularly on samples of cattle slaughtered at the Kediri
City Slaughterhouse Regional Technical Implementation Unit. This research was carried out from January to
February 2023. The samples were adult worms Fasciola sp. taken from one beef cattle and one dairy cattle. The
PCR used is conventional PCR with primers from mitochondrial DNA genes. PCR products are passed to the se-
quencing stage. The PCR test results read on 2% agarose gel electrophoresis showed that the PCR product had
high specificity, namely forming a single band at position 752 bp showed positive for F. gigantica. the results of
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the phylogenetic tree of Fasciola sp. with data in GenBank showing Fasciola sp. beef and dairy cattle isolates in
Kediri City are closely related to Fasciola sp. dairy cattle isolate from China with Accession Number KF543343.1
and Fasciola sp. long-haired cattle (yak) isolate from China Accession Number MH621335.1. The existence of in-
ternational livestock trade can result in the introduction of various diseases, one of which is Fasciolosis. Livestock
import-export activities from China allow the introduction of Fasciola sp. to Indonesia.
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Introduction

Fasciolosis is a disease caused by the genus Fasciola which attacks
wild animals, livestock, and humans (Lalor et al., 2021). This disease has
a major impact on reducing livestock productivity. Fasciola hepatica and
Fasciola gigantica are the species most frequently found in Fasciolosis
cases (Rokni et al, 2018; Silva et al, 2020). This disease is included in
the Human Neglected Tropical Diseases (NTDs) category by the World
Health Organization (WHO) (Angles et al.,, 2022). Globally, it is estimated
that around 17 million people are infected with fasciolosis with severe
symptoms (Caravedo and Cabada, 2020). The species Fasciola sp. has a
very wide geographical distribution from subarctic areas to tropical areas.
Fasciola sp. has genetic material and phenotype that resembles F. hepat-
ica and F. gigantica.

The detrimental presence of Fasciola sp. is caused by livestock traffic
which causes the carrying of Fasciola sp. from one country to another
(Nasreldin and Zaki, 2020). The transfer of parasites from endemic areas
to non-endemic areas causes the distribution of Fasciola sp. to become
unclear and encourages sympatric speciation (Le et al., 2008). Sympatric
speciation is the existence of two or more types of a species in the same
geographic conditions and time (McCoy, 2003). This sympatric specia-
tion encourages hybridization and forms intermediate organisms from
the two species which are usually referred to as Fasciola sp. (Saijuntha et
al., 2018). Fasciola sp. morphometrically it can resemble F. hepatica and F.
gigantica and the three species of Fasciola sp. this is detrimental.

Carcass weight of cattle not infected by Fasciola sp. will be higher
than those infected with Fasciola sp (Opio et al,, 2021). This difference
in carcass weight is usually found at young ages up to 30 months. The
difference in carcass weight at the age of 23-30 months is estimated at
6.34 kg (da Costa et al, 2019). In addition, carcasses from infected cattle
have less fat content compared to carcasses from healthy cattle (Oehm
et al, 2023). Therefore, the emergence of Fasciolosis is detrimental to the
livestock industry. Research on the molecular identification of Fasciola es-
pecially Fasciola sp. has been carried out in China, Vietnam, and Thailand
(Anh et al,, 2018; Zhang et al.,, 2019a; Thanasuwan and Tankrathok, 2021).

Molecular characterization of Fasciola sp. important for identifying
the species Fasciola sp. Information regarding the phenotype and mo-
lecular characters of Fasciola sp. very useful for accurately identifying the
etiology and epidemiology of fasciolosis in each endemic area (Alsulami
et al, 2023). This species difference is important to know because the
intermediate hosts for each species are different ecologically and bio-
logically. One of the molecular methods developed to differentiate the
species Fasciola sp. is the Polymerase Chain Reaction (PCR) method. The
PCR method is a method used to amplify and reproduce certain nucleo-
tide sequences. The PCR method has higher sensitivity when compared
to morphological examination (Bankur et al., 2014).

The Kediri City Slaughterhouse Regional Technical Implementation
Unit is one of the largest slaughterhouses in Indonesia. Molecular ex-
amination related to Fasciola sp. This has never been done even though
many cattles are slaughtered at the slaughterhouse. This research uses
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one of the genes from the mitochondrial DNA (mtDNA) genome, namely
the nad4 gene. The mtDNA genome is used because almost all eukary-
otes have mitochondrial genomes that evolve more rapidly than nucle-
ar genomes (Dowling and Wolff, 2023). Therefore, these mitochondrial
genes are very suitable for distinguishing species that are quite closely
related or whose differences between species are relatively small at the
sub-species level (Bocek et al., 2019). The results of mtDNA genome se-
quencing can also be used to prove the existence of Fasciola sp.

Fasciola sp. infection in cattle can be a public health problem. The
aim of this research was to analyze the characteristics of the worm Fas-
ciola sp. molecularly on samples of cattle slaughtered at the Kediri City
Slaughterhouse Regional Technical Implementation Unit. Through this
research, it is hoped that we can find out the extent of the distribution of
Fasciola sp. experienced overlap in cattle raised in Indonesia.

Materials and methods

Sample collection

This research was carried out from January to February 2023. The
samples were adult worms Fasciola sp. taken from one beef cattle and
one dairy cattle slaughtered at the Kediri City Slaughterhouse Regional
Technical Implementation Unit, then the samples obtained were collected
in a 100 cc plastic pot containing physiological NaCl. Each sample was
labeled with the cow's region of origin, cow breed, and sex, then stored
in an ice box at 4°C.

DNA extraction of Fasciola sp.

Sample preparation is carried out by taking the worms to be identi-
fied and then chopping them finely using a scalpel. Then put the worms
into a 1.5 ml tube. The solution was added with 20 pl of Qiagen Prote-
ase, 10 pl of lysozyme enzyme and 180 pl of ATL buffer. The sample was
then vortexed for 15 seconds and spindown for approximately 3 seconds.
Samples were incubated at 60°C for 30 minutes. The sample was then
added with 200 pl of AL buffer into the sample, then vortexed for 15 sec-
onds. The sample was then added with 200 pl of 96% ethanol and mixed
by vortexing for 15 seconds, then spindown. The mixture was then put
into a QlAamp® Mini spin column (2 ml collection tube) and centrifuged
at 8,000 rpm for 1 minute.

Remove 2 ml of the filtrate from the collection tube and replace it
with a new 2 ml collection tube. The solution was then added with 500
ul of Buffer AW1, then centrifuged at 8000 rpm for 1 minute. 2 ml of the
solution filtrate was discarded and replaced with a new 2 ml collection
tube and 500 pl of Buffer AW2 was added, then centrifuged at 13,000 rpm
for 3 minutes. Then 2 ml of the filtrate was discarded and replaced with
a new 2 ml collection tube. Centrifuge again at 13,000 rpm for 1 minute.
The QlAamp® Mini spin column was transferred to a 1.5 ml microcentri-
fuge tube. Then 60 pl of Buffer AE or distilled water was added. Incubate
at room temperature (15-25°C) for 1 minute then centrifuge at 8,000 rpm
for 1 minute.

Polymerase Chain Reaction technique

The PCR used is conventional PCR with primers from mitochondrial
DNA genes. The two pairs of primers used in this study have the arrange-
ment as in Table 1. Polymerase Chain Reaction (PCR) steps are carried out
by mixing 25 pl 2x MyTag™ HS Red Mix, 5 pl DNA template, 1 pl primer F,
1 pl primer R and 18 pl of distilled water with a total volume of 50 pl were
put into a microtube then vortexed. The microtubes are then inserted into
a thermo cycle machine using a program consisting of predenaturation
at 94°C for 5 minutes, denaturation at 94°C for 30 seconds, annealing at
54°C for 30 seconds, extension at 72°C. for 30 seconds, then repeated for
35 cycles and final extension at 72°C for 5 minutes.

Table 1. Primer arrangement used in the PCR method.

Species Primer Base Reference
pair
F: 5-GCT TGT TTG GCA TTG TTAGGG-3'
F. hepatica 304 bp Avaz et al.
R: 5'-CAA CCA GCC CAT CAA TCCC-3' (2014)
F: 5'-GGGAT TCA GTC TTG GAG GGA-3' Le et al.
F gigantica 752 bp
R: 5'-CCG CCA TAA ACA CCA CAC CT-3' (2012)

F: Forward; R: Reverse

Electrophoresis

Analysis of PCR results was carried out by 2% (w/v) agarose gel elec-
trophoresis using an electrophoresis apparatus. Gel molds were made by
filling 20 ml of PBS with an agar concentration of 2%. Weigh 0.4 grams of
agarose then put it in 20 ml of PBS then heat it in the microwave for+2
minutes (until completely dissolved). The solution was then added with
2 ul of RedSafe™ gel dye and mixed until homogeneous. The next step
is to put the solution into the mold according to the size and wait until it
solidifies. The next step is electrophoresis. Electrophoresis was carried out
in TBE 1X buffer as a current-conducting medium at a voltage of 100 Volts
and a current of 250 Amperes for 30 minutes. The results of electropho-
resis were then visualized using a Transluv illuminator and documented.

Sequencing

PCR products were purified using the BigDye® Terminator v3.1
Cycle Sequencing Kit (Thermofisher Scientific) purification kit and then
sequenced using forward primers in an ABI PRISM® 3730xI DNA Ana-
lyzer (Thermofisher Scientific) automatic DNA sequencer. The nucleotide
sequence was read using BioEdit Sequence Alignment Editor software
and analyzed for the level of nucleotide similarity (homology) using the
NCBI-BLAST (National Center of Biotechnology Information — Basic Local
Alignment Search Tool) website on GenBank.

Results

Worm Fasciola sp. which infected beef cattle at the Kediri City Slaugh-
terhouse had a body length of 19.9-27.3 mm with an average body length
of 23.82+3.12 mm and a body width of 5.2-7.9 mm with an average
6.68+1.24 mm. Meanwhile, the worm Fasciola sp. those that infect dairy
cattle have a body length of 21.4-32.5 mm with an average of 25+4.61
mm and a body width of 5.2-7.8 mm with an average of 6.4+0.97 mm.
The morphological form of the Fasciola sp. worm can be seen in Figure 1.

Fig. 1. Morphological form of Fasciola sp. in cattle.

The PCR test results read on 2% agarose gel electrophoresis showed
that the PCR product had high specificity, namely forming a single band
at position 752 bp according to the amplification target which can be
seen in Figure 2. Sample number 1 showed positive for F. gigantica from
beef cattle and while the sample sample number 2 showed positive for
F. gigantica from dairy cattle. Sample number 3 showed positive for F.
hepatica from beef cattle and sample number 4 showed positive for F.
hepatica from dairy cattle.
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Fig. 2. PCR product electrophoresis results.

Multiple alignments of the nucleotide sequences of the isolates
studied showed the presence of different or changed nitrogen bases and
fixed or similar sequences between isolates. The mutation that occurred
in the sample from the Kediri City Slaughterhouse was a substitution.
Substitution mutations that occurred in samples of Fasciola sp. from beef
cattle are at base positions 57 (A-G), 75 (A-G), 216 (G-A), 279 (A-G), 286
(C-T), 348 (C-T), 350 (T-A), 351 (A-T), 353 (T-C), 358 (C-G), 359 (T-G), 362
(G-A), 370 (A-T), 420 (T-C), 465 (A-G), 573 (A-G), 618 (C-G), 634 (T-A), and
639 (A-G). Substitution mutations that occurred in samples of Fasciola sp.
from dairy cows are at base positions 57 (A-G), 75 (A-G), 216 (G-A), 279
(A-G), 286 (C-T), 348 (C-T), 350 (T-A), 351 (A-T), 353 (T-C), 358 (C-G), 359
(T-G), 362 (G-A), 370 (A-T), 420 (T-C), 465 (A-G), 573 (A-G), 607 (T-A), 618
(C-G), 623 (T-A), 631 (T-G), 634 (T-A), and 639 (A-G). Nitrogen base posi-
tion of the nad4 coding gene Fasciola sp. can be seen in Table 2.

Table 2. Nitrogen base position of the nad4 coding gene Fasciola sp. a substi-
tution mutation occurs.

Mutation Fasciola sp. from dairy cattle ~ Fasciola sp. from dairy cow

57 (A-G) 57 (A-G)

75 (A-G) 75 (A-G)

216 (G-A) 216 (G-A)

279 (A-G) 279 (A-G)

286 (C-T) 286 (C-T)

348 (C-T) 348 (C-T)

350 (T-A) 350 (T-A)

351 (A-T) 351 (A-T)

353 (T-C) 353 (T-C)

358 (C-G) 358 (C-G)

o 359 (T-G) 359 (T-G)

Substitution

362 (G-A) 362 (G-A)

370 (A-T) 370 (A-T)

420 (T-C) 420 (T-C)

465 (A-G) 465 (A-G)

573 (A-G) 573 (A-G)

607 (T-A)

618 (C-G) 618 (C-G)

623 (T-A)

631 (T-G)

634 (T-A) 634 (T-A)

639 (A-G) 639 (A-G)

In Figure 3, the results of the phylogenetic tree of Fasciola sp. with
data in GenBank showing Fasciola sp. beef and dairy cattle isolates in
Kediri City are closely related to Fasciola sp. dairy cattle isolate from China
with Accession Number KF543343.1 and Fasciola sp. long-haired cattle
(yak) isolate from China Accession Number MH621335.1. The results of
homology analysis of samples from beef cattle and dairy cattle compared

with reference isolates from GenBank showed closeness with the lowest
percentage of 95% and the highest percentage of 99% for each sample
and sequence data obtained from GenBank as can be seen in Table 3.

18 0 0649569.1 Fasciola gigantica Bos indicus Sudan
038 { FJ392263.1 Fasciola gigantica Cautle Nigeria
24155 L 06495821 Fausciola gigantica Capra hircus Sudan

& NC 024025.1 Fasciola gigantica Buffalo China
w {
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Fig. 3. Phylogenetic tree of Fasciola sp. Isolates.

Table 3. Homology analysis of the nad4 gene encoding Fasciola sp.
Homology 1 2 3 4 5 6 7 8 9

Beef cattle (1) 100

Dairy cattle (2) 99 100

KF543343.1 (3) 97 97 100

MH621335.1(4) 96 95 98 100

LC649569.1 (5) 96 96 97 98 100
GU121036.1 (6) 98 98 99 98 96 100
FJ392263.1 (7) 97 97 95 9 99 96 100

LC649582.1 (8) 9% 95 97 97 99 95 98 100

NC024025.1 (9) 9% 95 97 98 97 98 97 97 100

Discussion

Fasciolosis is an important zoonotic parasitic disease that can infect
animals and humans worldwide. This disease is caused by ingestion of
infective metacercariae from the worms F. gigantica and F. hepatica (Lalor
et al, 2021). Fasciola sp. infection in both humans and animals through
the same mechanism, namely through contaminated food/water (Cwik-
linski et al., 2016). Currently, fasciolosis infection has been reported in 81
countries around the world (Birlutiu and Birlutiu, 2023). Around 2.4 to 17
million people in the world are infected with fasciolosis (Caravedo and
Cabada, 2020).

Fasciola sp. has a complex cycle involving intermediate hosts, namely
water snails, and definitive hosts, namely mammals, including humans
(Zhang et al,, 2019b). The eggs are excreted with the feces of the de-
finitive and adult hosts in the environment and form a miracidium. The
miracidium goes out looking for an intermediate host (Beesley et al,
2018). Snails that are suitable for miracidium development are snails
from the Lymnaeidae family. Distribution of the species Fasciola sp. in
the world is influenced by the distribution of intermediate hosts where
infective larvae of Fasciola sp (Nyagura et al., 2022).

Distribution of Fasciola sp. influenced by climate and rainfall chang-
es in some areas and can develop in new areas that are suitable for its
development (Fox et al,, 2011). Human activities such as migration, glo-
balization, exports and imports of live animals have the potential to bring
Fasciola sp. from one place to another (Calvani and Slapeta, 2021). This
activity resulted in the distribution of Fasciola sp. becomes unclear and
extends from endemic areas.

PCR method on adult worms Fasciola sp. often use ribosomal DNA
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genes such as ITST1 and ITS2, as well as mitochondrial genes such as nad
and cox (Saadatnia et al,, 2022). ITS1 and ITS2 regions in Fasciola sp. lo-
cated in the large and small nuclear rRNA subunits which can provide
genetic markers for the identification of Fasciola sp. at the species level
(Tadayon et al., 2015). In the ITS2 sequence, as many as six nucleotide
sites are different in the F. hepatica and F. gigantica species, one of which
is due to a deletion in this area in the F. gigantica species (Raina et al.,,
2015). Fasciola sp. carries nucleotides in the ITS1 and ITS2 regions origi-
nating from both species.

In this study, mitochondrial genome DNA (mtDNA) was used to
identify the two Fasciola species, namely F. gigantica and F. hepatica. The
mtDNA genome is used because almost all eukaryotes have a mitochon-
drial genome which evolves faster than nuclear genes and therefore, the
mitochondrial genome is very suitable for distinguishing species that are
quite closely related or where the differences between species are rela-
tively small down to the sub-species level (Gao et al., 2022). The results
of mtDNA genome sequencing can also be used to prove the existence
of Fasciola sp.

The results of the phylogenetic tree show that Fasciola sp. isolates
from the Kediri City Slaughterhouse are related to Fasciola sp. which in-
fects dairy cattle from China. The distribution of F. hepatica and F. gigan-
tica in Southeast Asia is influenced by livestock movements (Calvani and
Slapeta, 2021). The rapid development of livestock traffic in Southeast
Asian countries is supported by the situation that the majority of South-
east Asian countries are developing countries (Quang et al., 2022). Devel-
oping countries are very active in livestock import-export activities, one
of which is Indonesia (Rozaki, 2021). China is one of the countries that is
quite active in importing livestock from Australia, Argentina and Brazil,
which are endemic areas for F. hepatica (Hing et al., 2021).

The existence of international livestock trade can result in the intro-
duction of various diseases, one of which is Fasciolosis (Nyindo and Lu-
kambagire, 2015). Fasciolosis can be subclinical so that livestock infected
with Fasciolosis often do not show symptoms and therefore often escape
examination by a veterinarian (Stuen and Ersdal, 2022). This subclinical
form of fasciolosis results in the escape of Fasciola sp. from endemic
areas to non-endemic areas. Livestock traffic can carry F. hepatica from
endemic areas to non-endemic areas, causing the two parasites to expe-
rience sympatric speciation (Garcia-Corredor et al., 2023).

Sympatric speciation is the existence of two or more types of a spe-
cies in the same geographic conditions and time (Richards et al.,, 2019).
This sympatric speciation drives hybridization. Hybridization of the two
species of Fasciola sp. Often occurs in subtropical and warm areas (Ha-
ridwal et al, 2021). Hybridization between F. hepatica and F. gigantica
has occurred in China and has been analyzed using nuclear DNA and
mitochondrial DNA. Livestock import-export activities from China allow
the introduction of Fasciola sp. to Indonesia.

Conclusion

In the PCR technique, the nad4 marker can produce a gene amplicon
of 752 bp. Phylogenetic tree analysis of F. gigantica which infects beef and
dairy cattle in Kediri City Slaughterhouse Regional Technical Implemen-
tation Unit has a close relationship with Fasciola sp. which infects dairy
cattle in Heilongjiang Province, China.
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