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ABSTRACT

Freshwater crabs, Potamiscus manipuriensis in Manipur, Northeast India harbour trematode
metacercariae of family Paragonimidae which was identified as Paragonimus sp. based on
morphological criteria. Molecular characterization by PCR amplification of rDNA regions of inter
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transcribed spacers 2 was only used for molecular characterization of this metacercaria. The
sequence generated from the metacercariae was compared with other species of trematode in the
family Paragonimidae. The data extracted from the public domain NCBI, were analysed using
BLAST and ClustalW embedded in Bioedit. The phylogenetic tree constructed based on the ITS2
marker revealed a close relationship with P. heterotremus isolates with a significant bootstrap value
of 99. Hence the particular metacercaria confirmed the identification as Paragonimus heterotremus.

Keywords: Crabs; paragonimus; rDNA ITS2; metacercaria; India.

1. INTRODUCTION

With the development of molecular techniques,
especially the PCR amplification of ITS2 rDNA
has solved many taxonomic issues associated
with helminth parasites. As the region is evolving
at a faster rate, thus it contained variable regions
flanked by more conserved 5.8S and 28S genes
[1]. This gene region is proven as potential
candidate for phylogenetic analysis and for
answering many systematic issues at different
taxonomic level [2,3,4,5]. These molecular tools
diagnosed all the larval stages of the trematode
[6]. The gene has been successfully used for
species characterization for Paragonomid taxa
[7,8,9].

Crustacean serves as a potent second
intermediate host for large numbers of trematodic
fluke thus harbouring their infective metacercarial
larval stage; thus completing their complex life
cycle [10]. The trematode flukes of the family
Paragonimidae Dollfus, 1939, is an important
zoonotic disease causing public health problem
worldwide, and endemic in many parts of Asia,
South America, Cameroon and Nigeria of Africa
with the cases are centering in Asia
[11,12,13,14]. In India due to the increasing
reports of the human paragonimiasis, the
endemicity is expanding in the northeastern
states of Manipur, Arunachal Pradesh and
Nagaland [12,15,16]. In Manipur, Northeast
India, two commonly edible fresh water crab
species namely, Potamiscus manipurensis and
Barytelpusa lugubris was found to be infected
with metacercaria of Paragonimus spp [17,18]. In
the present communication we provide molecular
characterization and identification of the taxa at
metacercarial stage using rDNA ITS2 gene
marker.

2. MATERIALS AND METHODS
2.1 Parasite Material and DNA Isolation

Metacercaria of P. heterotremus was found
infecting the freshwater crab host Potamiscus

manipuriensis in the region Manipur, Northesat
India [18]. So, collection of respective hosts was
made from the susceptible foci. Metacercariae
were isolated from the host muscle using artificial
gastric digestion technique [19], and were fixed
in 70% alcohol for further molecular work. The
total genomic DNA was extracted from the
recovered metacercaria on FTA cards using
Whatman’s FTA Purification Reagent as
described elsewhere [9].

2.2 DNA Amplification, Sequencing, and
Its Analysis

The rDNA ITS2 region was amplified from the
DNA extracted from the metacercaria by
polymerase chain reaction (PCR) using the
universal primers for ITS2: 3S (forward): 5'-
GGTACCGGTGGATCACTCGGCTCGTG-3' and
A28 (reverse): 5- GGGATCCTGGTTAG
TTTCTTTTCCTCCGC-3° [20]. The PCR
amplification was performed following the
standard protocol [21] with minor modification.
The amplified products were view and separated
by gel electrophoresis with an agarose
concentration of 1.6% (w/v) in TAE buffer,
stained with ethidium bromide and then
photographed during ultraviolet light
transillumination.

The PCR-amplified products was purified using
Genei Quick PCR purification kit. Then the
amplified products was sequenced in both
directions using automated sequencing services
provided by Macrogen Service Center, Seoul,
Korea. The generated DNA sequence was
analyse further by using various bioinformatics
tools including similarity search Basic Local
Alignment Search Tool (BLAST),
(https://blast.ncbi.nim.nih.gov/Blast.cgi).

2.3 Molecular Phylogenetic Analysis

Sequence identity matrices was constructed and
multiple sequence alignment was done using
Bioedit software version 7.0.9.0 [22] for the
amplified ITS2 region for the metacercaria
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recovered under study, using related sequences
from the same family retrieved from the public
domain. Phylogenetic tree was constructed from
the output files from Bioedit in fasta format using
MEGA11 [23] deducing the distance-based
Neighbour Joining (NJ) methods. Boostraping
was done with 1000 bootstrap replicates while
constructing tress [24].

3. RESULTS

3.1 PCR Amplification of ITS Regions and
Its Analysis

The selected marker rDNA- ITS2 amplicon had
an estimate length of ~500bp and the PCR-
amplified products were obtained (Fig. 1). The
amplicon size for rDNA-ITS2 of P. heterotremus
is 509 bp in length. This generated sequence
was deposited in GenBank (under accession
numbers: KF781293). The sequence was
subsequently compared and analysed with their
closely related sequences from the family
Paragonimidae retrieved from the GenBank. A
total of 24 accession numbers for various

Paragonimus spp pertaining to rDNA-ITS2
regions were used during the analysis (Table 1).
The BLAST hit results show that the query ITS2
seqguences were more similar to the sequences
of Paragonimus heterotremus (Fig. 2).

For phylogenetic analysis, the tree was
constructed with NJ methods. In the tree,
Opisthorchis viverrini was used as the outgroup.

From the Sequence identity matrix, it was found
that the metacercaria recovered under the
present study stay closely related to P.
heterotremus isolates from North-east India
(Manipur, Arunachal Pradesh and Nagaland)
with highest sequence similarity of 94% with
isolates from Arunachal Pradesh, India (Table 2).
The phylogenetic tree constructed for the marker
gene depicted the topology in which the query
sequence claded in a single clade with isolates of
P. heterotremus with a significant bootstrap
values of 90-99%. Different species forming
different clades with their isolate. In the tree
constructed, the outgroup, Opisthorchis viverrini
formed a separate clade (Fig. 3).

Fig. 1. PCR products of Paragonimus sp metacercaria (L- Marker (100 bp ladder), Lane 1 — ITS2
from the metacercaria)

Sequences producing significant alignments Download Select col ~ Show | 100V | @
selectall 700 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer
Max  Total Query | E Per. | Acc

Description
-

internal spacer 1, partial

588 ribosomal RNA gene and interna..
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v - v v v -

het 941 941 100% 0.0 10000% 509 KE7812931

from India 5.8S ribosomal RNA gene. partial ; internal

ibed spacer 2. ..

het.. 872 872 98% 00 9820% 508 DQ&36248.1

isolate LC small subunit ribosomal RNA gene, partial sequenc

internal ibeds...

het.. 843 843 98% 0.0 97.20% 7661 OP081040.1

genes for 5 83 rRNA_ITS2, 285 rRNA partial and complete

type2 het 817 817 91% 0.0 98.49% 461 AB3083771

genes for 5 88 rRNA_ITS2, 285 rRNA partial and complete

typel het 811 811 91% 0.0 9828% 461 AB308376.1

D D (O O O |D

Cr7-10 genes for contains 188 rRNA _ITS1, 588 rRNA ITS2 288 rRNA partial and

het 791 791 91% 0.0 97.42% 462 LC3605051

Fig. 2. Blast Result showing the query sequence showing similarity to P. heterotremus isolates
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Sl Name of species Host Species Locality ITS2

No.

1 P. westermani - India: Arunachal Pradesh (AP) DQ836246.1
2 “ Maydelliathelphusa lugubris India: Arunachal Pradesh (AP), East Siang JN656206.1
3 “ “ India: Assam JN656199.1
4 “ - Thailand AB354214.1
5 “ Cambarooides sp. China AB713404.1
6 “ Cambarooides similis South Korea AF333278.1
7 “ - Japan U96907.1

8 “ - Taiwan U96908.1

9 “ - Philippines U96910.1
10 “ - Malaysia U96909.1
11 P. heterotremus Potamiscus manipurensis India: Manipur AB308378.1
12 “ Potamiscus manipurensis India: Manipur AB308377.1
13 “ Homo sapiens India: Arunachal Pradesh (AP) DQ836248.1
14 “ - India: Nagaland AB456559.1
15 “ - Thailand AB354221.1
16 “ - China HM627192.1
17 “ Potamon lipkei Laos AB370343.1
18 “ Potamiscus tannanti Viet Nam AB270688.1
19 P. siamensis Sartoriana spinigera India: Assam JQ322635.1
20 “ Sayamia germaini Thailand AB354222.1
21 P. bangkokensis Ranguna smalleyi Thailand AB248091.1
22 P. proliferus - China EU401805.1
23 P. proliferus Potamiscus tannanti Viet Nam AB663676.1
24 P. skrjabini Potamiscus manipurensis India: Manipur AB325516.1
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Table 2. Sequence identity matrix (%) of ITS2 sequences of various Paragonimus spp as retrieved from GenBank

Seq-> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1.P.heterotremus,India:Manipur;Metacercaria* ID

2.P.westermani,India:AP,East-Siang 87 ID

3.P.westermani,India:Assam 89 96 ID

4.P.westermani,India:AP 87 94 96 ID

5.P.westermani, Thailand:Saraburi 82 91 91 88 ID

6.P.westermani,China 83 35 92 89 97 ID

7.P.westermani,South Korea 64 73 71 69 76 78 ID

8.P.westermani,Philippines 63 71 71 69 76 76 98 ID

9.P.westermani,Japan 64 73 71 69 76 78 100 98 ID

10.P.westermani, Taiwan 64 73 71 69 76 78 99 97 99 ID

11.P.westermani,Malaysia 64 72 71 69 76 77 98 99 98 98 ID

12.P.heterotremus, India:Manipur;Meta 89 85 85 83 90 91 71 70 71 71 70 ID

13.P.heterotremus,India:Manipur;Egg 89 8 8 83 90 91 71 70 71 71 70 100 ID

14.P.heterotremus, Thailand:Saraburi 88 87 87 84 91 93 71 70 71 71 71 98 98 ID

15.P.heterotremus,China 80 78 79 76 76 78 78 77 78 78 77 83 83 84 ID

16.P.heterotremus,India:AP 890 89 90 81 83 64 63 64 64 63 90 90 88 81 ID

17.P.heterotremus,India:Nagaland 89 8 85 83 90 91 71 70 71 71 70 100 100 98 83 90 ID

18.P.heterotremus,Laos 69 67 67 64 70 71 91 90 91 91 90 77 77 78 8 70 77 ID

19.P.heterotremus,Vietnam 68 66 66 64 69 71 90 89 90 90 89 76 76 77 8 69 76 99 ID

20.P.siamensis,India: Assam 80 89 89 86 89 90 75 75 75 75 75 84 84 85 80 8 84 70 69 |ID
21.P.siamensis,Thailand 81 90 90 87 95 96 74 74 74 74 74 89 89 91 76 81 89 69 69 93 ID
22.P.bangkokensis, Thailand 84 86 87 84 91 92 71 70 71 71 70 92 92 93 78 83 92 71 71 85 90 ID
23.P.proliferus,Vietnam 86 88 88 85 92 093 72 71 72 72 71 944 94 95 80 8 94 74 73 86 92 94 ID
24.P.proliferus,China 86 87 87 84 92 93 72 71 72 72 71 94 94 96 80 8 94 74 73 8 92 94 99 ID
25.P.skrjabini,India: Manipur 86 87 87 84 92 93 72 71 72 72 71 93 93 95 80 85 93 73 73 8 91 94 98 98 ID
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P. Heterotremus isolates clading
>_ together

dbjlAB370343.1|Ph Laos
dbjlAB270688.1|Ph Vietnam ____—
gb]AB325516.1|P.skrjabini
gb]AB663676.1|P_proliferus
gb|EU401805.1|P proliferus
——— gb|AB248091.1|P_bangkokensis
99 I: gb]JQ322635.1|P.siamensis
gb|AB354222 1|P.siamensis
g9  gb|JNB56199.1|Pw India:Assam
o gb|DQ836246.1|Pw India:AP
99 [ gbJU96910.1|Pw Philippines
69 | 38 gb|U96909.1|Pw Malaysia
dbj|AB354214 1|Pw Thailand:Saraburi
49 gb]JNE56206.1|Pw India:AP East-Siang
dbjlAB713404.1|Pw China
gb|U96908.1|Pw Taiwan
%8 gb|AF333278.1|Pw South Korea
63 - gb|U96907.1|Pw Japan
gb|AF408147.1|Opisthorchis viverrini

Fig. 3. Phylogenetic trees using NJ method inferred from the ITS2 sequence data of various
Paragonimus species. The bootstrap values are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to

infer the phylogenetic tree

[*- Query sequences: Ph- Paragonimus hete

4. DISCUSSION

Characterization of trematode species with
morphological  parameters has  become
insufficient to solve many taxonomic issues
involving various animal phyla including
platyhelminth  especially for morphologically
similar but genetically distinct species and also
for their different larval stages. Also the
traditional methods fail to identify the adult
species with damaged internal organs or
deformed structures due to the insufficient
characters for the identification of species.
Nevertheless with the development of new
molecular tools and technique, especially PCR
based amplification of rDNA has been used
successfully used to  supplement the
morphological characterization of various taxa
[25,26,27,28,29].

During the first epidimiological research on
Paragonimiasis which was carried out in
Manipur, during 1986- 1987, have identified
many endemic areas in the region [17]. From the
study, two fresh water carb species namely
Potamiscus manipurensis and Barythelphusa
lugubris was found to serves as a potential

rotremus; Pw- Paragonimus westermani]

intermediate host for Paragonimus spp. P.
manipuriensis found in the hill streams of
Manipur was found harbouring the metacercaria
of P. hueitu’'ngensis, P. heterotremus, and P.
skrjabini [17,29] supporting our present study.
Many endemic areas for P. heterotremus
infection were also reported in different parts of
the states Nagaland, Arunachal Pradesh [30].
So, P. heterotremus was reported as causative
agent for human pulmonary paragonimiasis in
Manipur and Arunachal Pradesh, Northeast India
[12,15,17,31,32]. In phylogenetic analysis based
on the PCR amplification of rDNA-ITS2 marker,
our query sequence closely claded with P.
heterotremus of the family Paragonimidae with a
significant boostrap value of more than 70% as
generally accepted indicating an authentic
phylogenetic analysis [19,24]. So, the technique
has also provided the accurate discrimination
between distinct species as in the phylogenetic
tree the different species claded among their
geographical isolates.

5. CONCLUSION

The present study provides the molecular
characterization of the Paragonimus
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heterotremus metacercariae that infect
freshwater crab host Potamiscus manipuriensis
in the region. The study also provides the utility
of molecular tools in taxonomic identification of
the species. Thus the technique can be utilized
for epidemiological survey for finding prevalence
of any infective helminth parasite and possible
intermediate host in the region, if any.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENTS

VDA acknowledges the award of Research
Fellowship for meritorious students by University
Grants Commission (UGC) and Senior Research
Fellowship by Council of Scientific & Industrial
Research (CSIR), Government of India.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Hillis DM, Dixon MT. Ribosomal DNA:
Molecular evolution and phylogenetic
inference. Quarterly Review of Biology.
1991;66:411-453.

2. Hillis DM, Davis SK. Evolution of ribosomal
DNA,; fifty million years of recorded history
in the frog genus Rana.
Evolution.1986;40:1275-1288.

3. Alvarez |, Wendel JF. Ribosomal ITS
sequences and plant  phylogenetic
inference. Molecular Phylogenetic

Evolutionary. 2003;29:417-434.

4, Mdiller T, Philippi N, Dandekar T, Schultz J,
Wolf M. Distinguishing species. RNA.
2007;1:1469-1472.

5. Yan H, Lou Z, Li L, Ni X, Guo A, Li H,
Zheng Y, Dyachenko V, Jia W. The
nuclear 18S ribosomal RNA gene as a
source of phylogenetic information in the
genus Taenia. Parasitoly Research.
2013;112:1343— 1347.

6. Dzikowski R, Levy MG, Poore MF, Flowers
JR, Paperna I. Clinostomum complanatum
and Clinostomum marginatum (Rudolphi,

10.

11.

12.

13.

14.

15.

16.

162

1819) (Digenea: Clinostomidae) are
separate species based on
differences in ribosomal DNA. Journal of
Parasitology = Research. 2004;90:413—
414,

Blair D, Agatsuma T, Watanabe T,

Okamoto M, Ito A. Geographical genetic
structure within the human lung fluke,
Paragonimus westermani, detected from
DNA sequences. Parasitology. 1997;115:
411-417.

Park GM, Kyungll I, Yong TS.
Phylogenetic relationship of ribosomal
ITS2 and mitochondrial CO1 among diploid
and triploid Paragonimus westermani
isolates. Korean Journal of Parasitology.
2003;41(1):47-55.

Prasad PK, Tandon V, Chatteriee A,
Bandyopadhyay S. PCRbased
determination of internal transcribed
spacer (ITS) regions of ribosomal DNA of
giant intestinal fluke, Fasciolopsis buski
(Lankester, 1857) Looss, 1899. Parasitoly
Research. 2007;101:1581-1587.

Keiser J, Utzinger J. Food-borne
trematodiases. Clinical Microbiology
Reviews. 2009;22(3):466—483.

Strobel M, Veasna D, Saykham M, Wei Z,
Tran DS. La paragoniomose
pleuropulmonaire. Médecine et Maladies
Infectieuses. 2005;35:476-481.

Singh TS, SugiyamaH, Rangsiruji A.
Paragonimus & paragonimiasis in India.
Indian Journal of Medical Research.
2012;136(2):192-204.

McDermott JJ. Parasites of shore crabs in
the genus Hemigrapsus (Decapoda:
Brachyura: Varunidae) and their status in
crabs geographically displaced: A review.
Journal of Natural History. 2011, Oct
1;45(39-40):2419-41.

Dittmer J, Koehler AV, Richard FJ, Poulin
R, Sicard M. Variation of parasite load and
immune parameters in two species of New
Zealand shore crabs. Parasitology
Research. 2011, Sep;109:759-67.

Narain K, Devi KR and Mahanta J.
Paragonimus and paragonimiasis—a new
focus in Arunachal Pradesh, India. Current
Science. 2003;84:985-987

Devi KR, Rekha, Narain K, Bhattacharya
S, Negmu K, Agatsuma T, Blair D, et al.
Pleuropulmonary paragonimiasis due to
Paragonimus  heterotremus: molecular
diagnosis, prevalence of infection and
clinicoradiological features in an endemic
area of northeastern India. Transactions of



17.

18.

19.

20.

21.

22,

23.

24,

25,

Athokpam and Tandon; Uttar Pradesh J. Zool., vol. 45, no. 14, pp. 156-163, 2024; Article no.UPJOZ.3652

the Royal Society of Tropical Medicine and
Hygiene. 2007;101:786-792.

Singh TS, Singh YI. Three types of
Paragonimus metacercariae isolated from
Potamiscus manipurensis, Manipur. Indian
Journal of Medical Microbiology. 1997;
15(4):159-162.

Athokpam VD, Tandon V. A survey of
metacercarial infections in commonly
edible fish and crab hosts prevailing in
Manipur, Northeast India. Journal of
Parasitic Diseases. 2015;39(3):429-40.
Tandon V, Prasad PK, Chatterjee A,
Bhutia PT. Surface fine topography and
PCR-based determination of metacercaria
of Paragonimus sp. from edible crabs in
Arunachal Pradesh, Northeast India.
Parasitology Research. 2007;102:21-28.
Bowles J, Blair D, Mcmanus DP. A
molecular phylogeny of the human
schistosomes. Molecular Phylogenetics
and Evolution. 1995;4:103-109.

White BA. PCR Protocols, current methods
and applications. Humana, Totowa, NJ.
1993;15.

Hall TA. BioEdit: A user-friendly biological
sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic
Acids Symposium Series. 1999;4:95-98.
Tamura K, Stecher G, Kumar S. MEGA11:
Molecular evolutionary genetics analysis
version 11. Molecular Biology and
Evolution. 2021;38(7):3022-3027.

Hillis DM, Bull JJ. An empirical test of
bootstrapping as a method for assessing
confidence in phylogenetic analysis.
Systems Biology. 1993;42(2):182-192.

Mcmanus DP, Bowles J. Molecular
genetics approaches to parasite
identification: Their value in diagnostic

parasitology and systematics. International
Journal for Parasitology. 1996;26:687-104.

26.

27.

28.

29.

30.

31.

32.

Thompson RCA, Zarlenga DS, La-Rosa G,
Pozio E, Rosenthal B, Bandi C, et al.
Advances in the diagnosis and
systematics of parasites of veterinary
importance: new and exciting prospects.
In:  GasserRB, Zarlenga DS (Eds)
Molecular systematics and diagnosis.
Veterinary parasitology. 2004;125:69 -
72.

Olson PD, Tkach VV. Advances and trends
in the molecular systematics of the
parasitic platyhelminthes. Advances in
Parasitology. 2005;60:165 — 243.

Nguyen TC, Li YC, Makouloutou P,
Jimenez LA, Sato H. Posthodiplostomum
sp. metacercariae in the trunk muscle of
Northern snakeheads (Channa argus) from
the Fushinogawa River, Yamaguchi,
Japan. J. Vet. Med. Sci. 2012;74 (10):1367
—1372.

Athokpam VD, Tandon V. A survey of
metacercarial infections in commonly
edible fish and crab hosts prevailing in

Manipur, Northeast India. Journal of
Parasitic Diseases. 2015;39(3):429-
440.

Devi KR, Rekha, Narain K, Agatsuma T,
Blair D, Nagataki M, Wickramashinghe S,

et al. Morphological and molecular
characterization of Paragonimus
westermani in northeastern India. Acta

Tropica. 2010;116:31-8

Singh TS. Occurence of the lung fluke,
Paragonimus heterotremus in Manipur,
India. Chinese Medical Sciences Journal.
2003;18(1):20-25.

Singh TS, Sugiyama H, Umehara A, Hiese
S, Khalo K. Paragonimus heterotremus
infection in Nagaland: a new focus of
paragonimiasis in India. Indian journal of
medical microbiology. 2009;27(2):123—
127.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.mbimph.com/review-history/3652

163


https://prh.mbimph.com/review-history/3652

