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Abstract
Background and Aim: Cercarial dermatitis or swimmer’s itch is an allergic skin reaction caused by penetrating cercaria of 
animal blood flukes. It is considered as a zoonotic water-borne skin condition that is found globally. Among the schistosomatid 
trematodes, avian schistosomes are the most responsible for cercarial dermatitis. Very little is known regarding the occurrence 
of dermatitis-causing cercariae in Thailand. Therefore, the objective of this study was to preliminarily investigate the 
presence of larval blood fluke infection among local lymnaeidae snails in Phayao by the incorporation of morphological 
and molecular methods.

Materials and Methods: Overall 500 Radix (Lymnaea) rubiginosa (Michelin, 1831) were collected from freshwater 
reservoirs near Phayao Lake in San Kwan village in Phayao, Thailand, from October to December 2020. The snails were 
examined for avian blood fluke infection by the cercarial shedding technique followed by morphological and molecular 
characterization.

Results: Only one type of furcocercous cercaria was observed to emerge from six infected snails (1.2%). Our molecular 
analyses demonstrated that the emerging cercariae showed most similarity to either the 28S ribosomal RNA gene (28S 
rDNA) or cytochrome oxidase C subunit 1 gene (cox1 or COI) sequences to those of Trichobilharzia species. In addition, 
phylogenetic tree analyses of both loci revealed similar results; the emerging cercariae were consistently clustered together 
with Trichobilharzia regenti.

Conclusion: Our results clearly confirmed that the detected furcocercous cercariae belonged to the genus Trichobilharzia 
and displayed the highest homology to T. regenti. This study provides important data on the occurrence of dermatitis 
causing cercariae infection among local lymnaeidae snails, encouraging effective management, and control measures for 
this zoonotic infectious disease.

Keywords: avian schistosome, cercarial dermatitis, furcocercous cercaria, swimmer’s itch, Radix (Lymnaea) rubiginosa, 
Trichobilharzia regenti.

Introduction

Cercarial dermatitis or swimmer’s itch is an aller-
gic skin reaction caused by the penetrating cercaria 
of animal blood flukes. It is considered as a zoonotic 
water-borne skin condition that is found worldwide [1]. 
The disease has been possibly  underestimated due to 
the lack of specific routine diagnosis [2]. Cercarial 
dermatitis in healthy people is usually self-limiting 
and resolves within a week or more. However, the 
condition of cercarial dermatitis could be much more 
severe in the sensitized host after repetitive exposure. 
The severity of the disease depends on several fac-
tors, such as the frequency and duration of exposure 

to infective cercariae. Furthermore, host immunity has 
been described to be associated with clinical conse-
quences [3,4].

Among schistosomatid trematodes, avian schis-
tosomes are most responsible for cercarial dermati-
tis [1]. Their life cycles require definitive avian hosts 
and aquatic snails as intermediate hosts. The parasite 
undergoes progressive development inside the tissue 
of the specific snail intermediate host generating a 
large number of infective free-swimming cercariae 
that subsequently enter the final avian host to com-
plete their lifecycle. Humans can be infected acci-
dentally through skin penetration of the free-swim-
ming cercariae. On infection, the larval parasites 
cannot complete their development and usually 
become entrapped by the host immune response and 
die afterward, activating an intense inflammatory 
reaction [3].

Cercarial dermatitis has been regarded as an 
emerging and re-emerging infectious disease, com-
monly found in people engaged in water activities 
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in natural water sources such as farmers, fishermen, 
and agricultural workers [5]. Ecosystems in freshwa-
ter sources and flooded areas are the most suitable 
for breeding the snail intermediate hosts that provide 
favorable conditions for parasite development and 
human interaction with the infective parasite in con-
taminated water [6].

Freshwater gastropods of the family 
Lymnaeidae serve an important role in balancing 
the ecological niche either in land or aquatic ecosys-
tems [7]. The lymnaeidae snails are potential inter-
mediate hosts of several species of veterinary and 
medically important flukes [8]. Only a few studies 
have described the presence of cercarial trematode 
infection in lymnaeidae snails in Thailand and neigh-
boring countries [7,9,10].

The study aimed to preliminarily screen for the 
presence of larval blood fluke infection among local 
lymnaeidae snails in Phayao and subsequently char-
acterize based on the parasite morphology and DNA 
sequences.
Materials and Methods
Ethical approval

Animal usage, method, and protocol approval 
was obtained from University of Phayao Animal 
Ethics Committee (approval number 63-01-04-014).
Study period and location

The study was conducted from October to 
December 2020. The study was carried out in San 
Kwan village located in the Muang district, Phayao 
province, Thailand (19°09’09.0”N 99°51’40.0”E).
 Snail collection and identification

Five hundred lymnaeidae snails were collected 
from rice fields by handpicking. The snails were 
cleaned and kept in plastic containers before transport-
ing to the laboratory. The collected snails were mea-
sured for shell width and length using a Vernier caliper 
with an accuracy of 0.01 mm. They were subsequently 
identified using shell morphological features based 
on the taxonomic key described by Brandt [11]. In 
addition, molecular confirmation based on ribosomal 
DNA sequencing was also performed.
Examination of the cercaria infection

Each snail was examined for larval trema-
tode infection by the cercarial shedding technique. 
Lymnaeidae snails were kept individually in plas-
tic containers containing 10-15 mL of dechlorinated 
water. They were exposed to natural light for 3 h fol-
lowed by artificial light overnight at room tempera-
ture. Emerging cercariae were initially observed under 
a stereomicroscope. Non-shedding snails were main-
tained in the laboratory; they were fed with green leaf 
lettuce and kept at room temperature. The snails were 
re-examined weekly for consecutive 2 months to ver-
ify that no cercaria emerging from snails. All snails 
positive for cercaria were confirmed by polymerase 
chain reaction (PCR) and subsequent sequencing.

Identification of emerging cercariae
The schistosomatid cercariae that emerged from 

snails were initially identified under a stereomicro-
scope based on their morphological features having 
an oblong body and slender bifurcated tail at their 
posterior end. The cercariae were identified and pho-
tographed. Identification of the cercaria was carried 
out under a light microscope based on the available 
 morphological description [12]. Five representative 
cercariae emerging from each infected snail were 
measured in micrometers (μm), determining their 
length and width by using ImageJ software [13].
DNA extraction, molecular detection, and sequencing

Individual snail tissue was carefully separated 
from the shell and DNA extraction was subsequently 
performed. The tissue was mechanically ground in 
lysis solution containing proteinase K and incubated at 
56° C for 1 h. The lysate was centrifuged at 14,000 g 
for 10 min. The supernatant was collected and sub-
jected to the phenol-chloroform-isoamyl extraction 
protocol. DNA was precipitated and air-dried before 
dissolving in TE buffer. The purified DNA was kept at 
−20°C for further molecular analyses.

PCR was set up to specifically amplify partial 
fragments of the second internal transcribed spacer 
(ITS2) of snail DNA, 28S rDNA, and cox1 of para-
sites. PCR reaction was carried out in a 25 μL volume 
using GoTaq green master mix (Promega) contain-
ing 1 μL of snail DNA and 0.5 pmoL of each primer. 
Details of sequences of primers used in this study, 
expected PCR products and the PCR cycling profiles 
are given in Table-1 [8,14,15].

PCR amplicons were visualized by 1.5% agarose 
gel electrophoresis, and the gel was pre-stained with 
Nancy 520. Positive fragments were excised and puri-
fied from the agarose gel. DNA sequencing was con-
ducted bi-directionally using both forward and reverse 
primers by Macrogen Inc. (Korea).
Sequence and phylogenetic analyses

Complete nucleotide sequences of 28S rDNA and 
cox1 were manually assembled and nucleotide simi-
larity search was performed with the sequences depos-
ited in the GenBank database by BLASTN (http://
blast.ncbi.nlm.nih.gov/). The cox1 sequences were 
also blast searched against the sequences available in 
the BOLD database (www.barcodinglife.org). New 
sequences were deposited in the GenBank database 
with accession numbers MW525120, MW525193, 
MW525194, MW525201, and MW525202.

Representative sequences of 28S rDNA and 
cox1 mitochondrial DNA sequences from other 
Trichobilharzia spp. were retrieved from the GenBank 
database and included for phylogenetic tree construc-
tions. Multiple sequence alignment was performed 
using ClustalW in Seaview software [16]. All sites 
containing missing data or gaps were removed; there-
fore, a total of 487 and 824 nucleotide positions of 28S 
rDNA and cox1 were examined. The phylogenetic tree 
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was constructed using maximum-likelihood (ML) in 
PhyML online service at http://www.atgc-montpellier.
fr/phyml/[17] and IQ-tree web server at http://iqtree.
cibiv.univie.ac.at/[18]. The optimal substitution model 
for each dataset was determined by Model Finder in 
IQ-TREE [19]. The robustness of the phylogenetic 
tree was calculated with 1000 bootstrap replications. 
The nucleotide sequences of Schistosoma japonicum 
accession number Z46504.4 and EU340353.1 were 
used as the outgroup for 28S rDNA and cox1 phylo-
genetic analyses, respectively. The phylogenetic trees 
were visualized and drawn using FigTree 1.4.4 (http://
tree.bio.ed.ac.uk/software/figtree/).
Statistical analysis

The occurrence of cercaria infection in lymnaei-
dae snails was determined by the proportion of snails 
with cercaria emergence in relation to the total num-
ber of examined snails.
Results
Identification of studied snails

A total of 500 lymnaeidae snails were collected 
from rice fields in San Kwan village, the area nearby 
Phayao Lake. The morphology of the sampling snails 
was consistent with Radix (Lymnaea) spp. The general 
appearance of the studied lymnaeidae snails included 
an oval shape with a translucent bright to dark brown 
shell. The shell was typically dextral containing four 
whorls with a pointed, prominent tip. The aperture 
was enlarged. The body whorl was generally wide and 
had a twisted columellar lining. The average size of 
the tested snail was 6.40±0.53 mm×11.47±0.89 mm.

Species identification was performed by PCR 
amplification of the 464 bp fragment of ITS2. The 
sequencing analyses displayed 100% homology to 
Radix (L.) rubiginosa ITS2 sequences deposited in 
GenBank database (accession number: GU167910.1).
Occurrence of cercarial infection

Only one cercarial form was observed to emerge 
from the studied lymnaeidae snails. Forked-tail cer-
cariae were found in 6 of 500 examined snails. The 
proportion of snail shedding cercariae in this study 
was 1.2%. The emerging cercariae were morpho-
logically classified as furcocercous cercariae. No 

gymnocephalus cercaria was detected in the examined 
snails.

The whole cercarial larva was composed of a 
body and bifurcated tail. The body of representa-
tive cercaria measured approximately 270-377 μm 
(average 325.35±53.84 μm) by 53-106 μm (average 
87.82±22.45 μm) in size. In the cercarial body, both 
the oral and ventral suckers were observed which were 
sub-equal in size. The oral sucker was present almost 
at the subterminal part while the ventral sucker was 
situated slightly down from the mid-body. In addition, 
a pair of prominent eye-spot was also observed. The 
forked tail was elongated, approximately 366-447 μm 
(average 416.56±29.02 μm) by 50-67 μm (average 
56.99±6.62 μm) in size, along with a bifurcate 138-
228 μm in length (average 187.59±33.77 μm) and 
18-33 μm (average 26.03±5.52 μm) in width. The cer-
cariae displayed distinct excretory pores inside their 
tails. Photographs of the observed cercaria are shown 
in Figure-1.
Molecular analysis of the emerging cercariae

A fragment of 28S rDNA was successfully 
amplified from six snails, but only four sequences 
were obtained and deposited in GenBank database 
with accession numbers MW525120, MW525193, 
MW525194, and MW525201. Sequences analy-
ses indicated that the 802 bp fragment of the 28S 
rDNA of the emerging cercaria was 99.75% similar 
to the Trichobilharzia regenti voucher Haplotype 1R 
large subunit ribosomal RNA gene partial sequence 
(MH190224.1). There was over 99% nucleotide sim-
ilarity between the gene sequences of the isolated 
cercariae.

A 1244-bp fragment of mitochondrial cox1 of our 
identified Trichobilharzia was successfully sequenced 
(MW525202). The sequence data indicated a high pro-
portion of AT content, which was composed of 19.12% 
adenine (A), 47.63% thymine (T), 9.56% cytosine (C), 
and 17.8% guanine (G). The isolated cox1 sequences 
of the Trichobilharzia matched available sequences of 
T. regenti mitochondrial DNA; the complete genome 
(AP017711.1 and DQ859919.1) revealed 100% cov-
erage with 91.33% and 89.4% sequence similarity in 
the GenBank and BOLD databases, respectively.

Table-1: Summary of primers used in molecular analyses.

Gene Primer sequence (5´-3´) PCR condition PCR (bp) Reference

Snail ITS-2 F: TCGTCTGTGTGAGGGTCG
R: TTCTATGCTTAAATTCAGGGG

94°C for 5 min
35 cycles of 94°C for 30 s, 50°C for 30 s, 72°C 
for 1 min
72°C for 5 min

480 [8]

Cytochrome C 
oxidase (cox1)

F: TCTTTRGATCATAAGCG
R: TAATGCATMGGAAAAAAACA

94°C for 5 min
40 cycles of 94°C for 30 s, 52°C for 30 s, 72°C 
for 2 min
72°C for 10 min

1245 [14]

28S rDNA F: GAGTTGAACTGCAAGCTCTGG
R:TCGCCCCTATACTCACGTTAT

94°C for 5 min
35 cycles of 94°C for 30 s, 62°C for 30 s, 72°C 
for 1 min 
72°C for 10 min

877 [15]

PCR=Polymerase chain reaction



Veterinary World, EISSN: 2231-0916 2658

Available at www.veterinaryworld.org/Vol.14/October-2021/11.pdf

Phylogenetic tree relationships based on cox1 
and 28S rDNA sequences displayed similar pat-
terns; the furcocercous cercaria was clearly clustered 
together with T. regenti separating from the group of 
Trichobilharzia physallae, Trichobilharzia querque-
dulae, and Trichobilharzia franki. The phylogenetic 
trees of Trichobilharzia spp. are presented in Figure-2.
Discussion

The lymnaeidae snails are common freshwater 
gastropods in Thailand, distributed in various kinds 
of water bodies [11]. Overall, the studied lymnaei-
dae snails were found in flooded rice-growing areas 
situated near Phayao Lake, the largest natural water 
body in the northern part of the country, where a 
wide variety of plants and animals are present. The 
snails are known to be intermediate hosts of many 

trematodes [8]. This study demonstrated the occur-
rence of dermatitis-producing cercariae in lymnaeidae 
snails in Phayao, Thailand.

The detected furcocercous cercariae can primar-
ily be classified to genus Trichobilharzia based on 
visible morphological features according to available 
taxonomic keys. Their sizes and details of morpho-
logical structures were consistent with other reported 
Trichobilharzia spp. [20-22]. However, the cercariae 
of different species may appear to be similar and they 
cannot be precisely identified to species level. Most 
previous studies concluded that morphological and 
anatomical characteristics of the cercariae were unre-
liable for species identification of this genus [23-25]. 
Consequently, several molecular methods have been 
introduced to verify the species identification of the 
emergent cercariae [26-28].

Our molecular analyses demonstrated that the 
emerging cercaria showed the most similarity to 
either the 28S rDNA or cox1 mitochondrial DNA 
sequences to those of Trichobilharzia species, con-
firming that the detected cercariae belonged to the 
genus Trichobilharzia, the most reported agent of cer-
carial dermatitis [29]. The sequence analyses of 28S 
rDNA among Trichobilharzia spp. displayed great 
similarity with the reported Trichobilharzia species 
(T. regenti) of more than 99%; however, a notewor-
thy observation was that the cox1 sequences exhibited 
low similarity (91.33%) to T. regenti. This might be 
due to the limited Trichobilharzia cox1 sequence data 
currently available in the GenBank and BOLD data-
bases. The Trichobilharzia cox1 sequence data gen-
erated in this study might have never been recorded 
before. Most nucleotide sequence information related 
to Trichobilharzia species is principally restricted to 
the ribosomal DNA, which is highly conserved among 
species. Although, the cox1 gene is an informative 

Figure-1: Morphology of bifurcate cercariae emerged from 
the studied lymnaeidae snail Radix rubiginosa. (a) Drawing 
image, (b) photograph of unstained cercaria. Abbreviations 
– ep: excretory pore; es: eye spots; fu: furcae; pg: 
penetration gland; os: oral sucker; ta: tail; vs: ventral 
sucker. Scale bar: 200 μm.

ba

Figure-2: The maximum-likelihood (ML) phylogenetic trees for Trichobilharzia spp. based on the nucleotide sequences of 
28S rDNA (a) and cox1 mtDNA (b). Sequences sampled retrieved from GenBank database are in black and new sequences 
of Trichobilharzia spp. acquired from this study are in red. The bootstrap values >50% are indicated at the nodes of each 
tree (1000 replicates). Sequences of Schistosoma japonicum Z46504.4 and EU340353.1 were used as outgroups.

ba
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DNA marker utilized for population genetic and 
phylogeographic studies across the animal king-
dom [30]. Unfortunately, there have only been a few 
studies assessing the mitochondrial cox1 sequences 
of Trichobilharzia, mainly from Europe and United 
States [20,31]. Genetic information on Trichobilharzia 
parasites from Southeast Asia is extremely scarce and 
no molecular analysis has been performed until now. 
In this study, we present the first molecular evidence 
of Trichobilharzia; the sequence data generated here 
are the first Trichobilharzia DNA sequences from 
Thailand, which will be useful for future population 
genetic study of Trichobilharzia in Asia.

Avian schistosomes in the genus Trichobilharzia 
have been reported from several locations in all 
continents [32]. In most regions, the prevalence of 
Trichobilharzia infection in snail intermediate host 
was normally lower than the prevalence observed in 
the definitive avian host [23,29]. In Europe, avian 
schistosomes infection rates in lymnaeidae snails were 
generally low, ranging between 0.05 and 5.0% [33]. 
However, in some areas, the prevalence can occasion-
ally reach 52.4% [34]. The prevalence value may vary 
according to seasonal variations and environmental 
changes, particularly in eutrophic conditions [35].

To date, data on the epidemiology and circu-
lating species of Trichobilharzia are rare in Asia. 
Limited studies conducted in Iran [26,36,37], 
Nepal [38], Japan [22], and Indonesia [39] suggested 
that Trichobilharzia spp. were also distributed among 
Asian lymnaeidae snails. The prevalence of avian 
schistosomes in intermediate snail hosts ranged from 
0.05 to 3.5%. For instance, in Indonesia, the prevalence 
of 3.5% was observed in R. rubiginosa from West Java 
Province [39] and in Japan 0.05-0.6% of surveyed 
snails was infected by T. brevis [22]. Conversely, a 
higher rate of infection with Trichobilharzia larval 
infection (31.25%) was detected in the snail Lymnaea 
auricularia from Northwest Iran [26].

Our studies indicated that 1.2% (6/500) of 
R. rubiginosa were found to be infected with 
Trichobilharzia cercariae. This proportion was in 
line with other studies [22,33,39], showing that 
infection rate of Trichobilharzia in snail intermedi-
ate hosts R. rubiginosa was extremely low. Although 
the proportion of the infected snail intermediate host 
Lymnaea spp. was considered low, large amounts of 
the infective cercariae are normally produced and 
released from infected snails. According to a study 
by Soldánová et al., [40], up to 29,560 cercariae of 
T. szidati are released daily from infected lymnaeidae 
snails, with average of 2621 cercariae. Furthermore, 
infected snails are capable of producing a large num-
ber of infective cercariae during their lifetime [41]. 
After emergence, the cercariae can travel with water 
currents for a long distance and remain infective for 
1-3 days [42]. This could have a potentially strong 
influence on the transmission of the species to subse-
quent hosts.

Cercariae in the genus Trichobilharzia are the 
most reported causative agents of cercarial derma-
titis [32]. The presence of Trichobilharzia cercaria 
has not been reported yet among lymnaeidae snails 
in Northern Thailand, although they are prominent 
in Europe and North America [1]. In Asia, Maleki 
et al.  [43] observed that infection with adult blood 
flukes T. regenti was regularly found in aquatic migra-
tory birds (Anatids) in Northern Iran and suggested 
that blood flukes were possibly introduced to Iran 
with infected anatids during their annual migration. 
Likewise, Phayao Lake is a destination for many 
migratory wild birds on their annual migration from 
Siberia to wintering sites. Migratory birds might play a 
crucial role in transporting these parasites into and out 
of local avian species [43]. Therefore, the circulation 
of Trichobilharzia parasites among hosts involved in 
their transmission requires further attention.

A phylogenetic tree was constructed to assess 
the genetic relationship between the local identified 
Trichobilharzia and those of reported Trichobilharzia 
spp. based on cox1 and 28S sequences. Our find-
ings obviously demonstrated that the detected 
Trichobilharzia cercariae displayed the closest rela-
tionship to T. regenti, a species of avian blood fluke in 
which the mature worm resides in the nasal cavity of 
waterfowl as the definitive host. It has been noted that 
T. regenti schistosomula display unusual migration 
behavior and induce neuropathology in both naturally 
infected avian hosts and experimental animals [13]. 
Although T. maegraithi spp. nov. was first recorded 
in Thailand in 1967 by means of morphological iden-
tification [44], its molecular identity has never been 
confirmed. Detection of Trichobilharzia cercariae 
infecting R. rubiginosa in this study demonstrated 
that the spreading of avian blood fluke cercariae is not 
restricted to Europe or America, but also occurs in the 
Thai aquatic environment. Thus, rice farmers or peo-
ple who come into contact with water are at risk of 
encountering these infective parasites. Unfortunately, 
there are currently no effective methods of prevention 
against swimmer’s itch, despite numerous attempts to 
develop chemical, mechanical, and biological meth-
ods of protection against them.
Conclusion

This study highlights the presence of 
Trichobilharzia cercaria infection of the lymnaei-
dae snails in our region based on parasitological and 
molecular investigations. Although the proportion of 
the infected snail host R. rubiginosa was considered 
low, infected snails are known to produce high num-
bers of infective cercariae, enhancing their success-
ful transmission. Our study provides new insight into 
the distribution of dermatitis-producing cercariae in 
Thailand, encouraging the development of effective 
management and control measures for this zoonotic 
infection.



Veterinary World, EISSN: 2231-0916 2660

Available at www.veterinaryworld.org/Vol.14/October-2021/11.pdf

Authors’ Contributions

OJ and CS: Conceived and designed the study. OJ 
and CP: Collected the samples. OJ, CS, CP, and TB: 
Performed the experiments. OJ: Conducted molecular 
works and analyzed the data. OJ and CS: Drafted and 
revised the manuscript. All authors read and approved 
the final manuscript.
 Acknowledgments

This study was partly funded by a grant from 
the School of Medical Sciences, University of 
Phayao,  Thailand (Grant number: MS201014).
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Horák, P., Mikeš, L., Lichtenbergová, L., Skála, V., 

Soldánová, M. and Brant, S. V. (2015) Avian schistosomes 
and outbreaks of cercarial dermatitis. Clin. Microbiol. Rev., 
28(1): 165.

2. Kouřilová, P., Hogg, K.G., Kolářová, L. and Mountford, A.P. 
(2004) Cercarial dermatitis caused by bird schistosomes 
comprises both immediate and late phase cutaneous hyper-
sensitivity reactions. J. Immunol., 172(6): 3766.

3. Kourilová, P., Syrůcek, M. and Kolárová, L. (2004) The 
severity of mouse pathologies caused by the bird schisto-
some Trichobilharzia regenti in relation to host immune 
status. Parasitol. Res., 93(1): 8-16.

4. Chamot, E., Toscani, L. and Rougemont, A. (1998) Public 
health importance and risk factors for cercarial dermati-
tis associated with swimming in Lake Leman at Geneva, 
Switzerland. Epidemiol. Infect., 120(3): 305-314.

5. Verbrugge, L.M., Rainey, J.J., Reimink, R.L. and 
Blankespoor, H.D. (2004) Swimmer’s itch: Incidence and 
risk factors. Am. J. Public Health, 94(5): 738-741.

6. Fromsa Merga, A., Meharenet, B. and Mekibib, B. (2011) 
Major trematode infections of cattle slaughtered at Jimma 
Municipality abattoir and the occurrence of the intermedi-
ate hosts in selected water bodies of the zone. J. Anim. Vet. 
Adv., 10(12): 1592-1597.

7. Martin, I.G.L. and Cabrera, E.C. (2018) Morphological 
characterization of emerging cercariae among lymnaeid 
snails from Barangay Cawongan, Padre Garcia, Batangas, 
Philippines. J. Parasitol. Res., 2018 : 5241217.

8. Bargues, M.D., Vigo, M., Horak, P., Dvorak, J., 
Patzner, R.A., Pointier, J.P., Jackiewicz, M., Meier-
Brook, C. and Mas-Coma, S. (2001) European Lymnaeidae 
(Mollusca: Gastropoda), intermediate hosts of trematodi-
ases, based on nuclear ribosomal DNA ITS-2 sequences. 
Infect. Genet. Evol., 1(2): 85-107.

9. Dung, B.T., Doanh, P.N., Tat The, D., Loan, H.T., 
Losson,  B. and Caron, Y. (2013) Morphological and molec-
ular characterization of lymnaeid snails and their potential 
role in transmission of Fasciola spp. in Vietnam. Korean J. 
Parasitol., 51(6): 657-662.

10. Chontananarth, T. and Wongsawad, C. (2013) Epidemiology 
of cercarial stage of trematodes in freshwater snails from 
Chiang Mai province, Thailand. Asian Pac. J. Trop. 
Biomed., 3(3): 237-243.

11. Brandt, R.A.M. (1974) The Non-marine Aquatic Mollusca 

of Thailand. Waldemar Kramer,  Germany. p423.
12. Schell, S.C. (1970) How to Know the Trematodes. W.C. 

Brown Company,  Lowa. p355.
13. Schneider, C.A., Rasband, W.S. and Eliceiri, K.W. (2012) 

NIH image to ImageJ: 25 Years of image analysis. Nat. 
Methods, 9(7): 671-675.

14. Lockyer, A.E., Olson, P.D., Ostergaard, P., Rollinson, D., 
Johnston, D.A., Attwood, S.W., Southgate, V.R., Horak,  P., 
Snyder, S.D., Le, T.H., Agatsuma, T., McManus, D.P., 
Carmichael, A.C., Naem, S. and Littlewood, D.T. (2003) 
The phylogeny of the Schistosomatidae based on three genes 
with emphasis on the interrelationships of Schistosoma 
Weinland, 1858. Parasitology, 126(3): 203-224.

15. Sandoval, N., Siles-Lucas, M., Pérez-Arellano, J.L., 
Carranza, C., Puente, S., López-Abán, J. and Muro, A. 
(2006) A new PCR-based approach for the specific amplifi-
cation of DNA from different Schistosoma species applica-
ble to human urine samples. Parasitology, 133(5): 581-587.

16. Gouy, M., Guindon, S. and Gascuel, O. (2009) SeaView 
version 4: A multiplatform graphical user interface for 
sequence alignment and phylogenetic tree building. Mol. 
Biol. Evol., 27(2): 221-224.

17. Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., 
Hordijk, W. and Gascuel, O. (2010) New algorithms and 
methods to estimate maximum-likelihood phylogenies: 
Assessing the performance of PhyML 3.0. Syst. Biol., 59(3): 
307-321.

18. Trifinopoulos, J., Nguyen, L.T., von Haeseler, A. and 
Minh, B.Q. (2016) W-IQ-TREE: A fast online phylogenetic 
tool for maximum likelihood analysis. Nucleic Acids Res., 
44(W1): W232-W235.

19. Kalyaanamoorthy, S., Minh, B.Q., Wong, T.K.F., von 
Haeseler, A. and Jermiin, L.S. (2017) ModelFinder: Fast 
model selection for accurate phylogenetic estimates. Nat. 
Methods, 14(6): 587-589.

20. Reier, S., Haring, E., Billinger, F., Blatterer, H., 
Duda, M., Gorofsky, C., Grasser, H.P., Heinisch, W., 
Hörweg, C., Kruckenhauser, L., Szucsich, N.U., Wanka, A. 
and Sattmann, H. (2020) First confirmed record of 
Trichobilharzia franki Müller and Kimmig, 1994, from 
Radix auricularia (Linnaeus, 1758) for Austria. Parasitol. 
Res., 119(12): 4135-4141.

21. Rind, S. (1991) Three ocellate schistosome cercariae 
(Trematoda: Schistosomatidae) in Gyraulus corinna, with 
reference to cercaria longicauda MacFarlane, 1944 in 
Lymnaea tomentosa. N. Z. J. Zool., 18(1): 53-62.

22. Suzuki, N. and Kawanaka, M. (1980) Trichobilharzia brevis 
Basch, 1966, as a cause of. Jpn. J. Parasitol, 29(1): 1-11.

23. Horák, P., Kolárová, L. and Adema, C. (2002) Biology of 
the schistosome genus Trichobilharzia. Adv. Parasitol., 52 : 
155-233.

24. Bayssade-Dufour, C., Jouet, D., Rudolfova, J., Horák, P. 
and Ferté, H. (2006) Seasonal morphological variations in 
bird schistosomes. Parasite, 13(3): 205-214.

25. Podhorský, M., Huůzová, Z., Mikeš, L. and Horák, P. 
(2009) Cercarial dimensions and surface structures as a 
tool for species determination of Trichobilharzia spp. Acta 
Parasitol., 54(1): 28-36.

26. Yakhchali, M., Hosseinpanahi, A. and Malekzadeh-
Viayeh, R. (2016) Molecular evidence of Trichobilharzia 
species (Digenea: Schistosomatidae) in the snails of 
Lymnaea auricularia from Urmia Suburb, North West Iran. 
Iran. J. Parasitol., 11(3): 296-302.

27. Schets, F.M., Lodder, W.J. and de Roda Husman, A.M. 
(2010) Confirmation of the presence of Trichobilharzia by 
examination of water samples and snails following reports 
of cases of cercarial dermatitis. Parasitology, 137(1): 77-83.

28. Cipriani, P., Mattiucci, S., Paoletti, M., Scialanca, F. 
and Nascetti, G. (2011) Molecular evidence of 
Trichobilharzia franki Müller and Kimmig, 1994 (Digenea: 
Schistosomatidae) in Radix auricularia from Central Italy. 
Parasitol. Res., 109(3): 935-940.



Veterinary World, EISSN: 2231-0916 2661

Available at www.veterinaryworld.org/Vol.14/October-2021/11.pdf

29. Horák, P. and Kolářová, L. (2011) Snails, waterfowl and 
cercarial dermatitis. Freshw. Biol., 56(4): 779-790.

30. Searle, J.B. (2000) Phylogeography-the history and forma-
tion of species. Heredity, 85(2): 201-201.

31. Jouet, D., Skírnisson, K., Kolárová, L. and Ferté, H. (2010) 
Final hosts and variability of Trichobilharzia regenti under 
natural conditions. Parasitol. Res., 107(4): 923-930.

32. Brant, S.V. and Loker, E.S. (2009) Molecular systematics of 
the avian schistosome genus Trichobilharzia (Trematoda: 
Schistosomatidae) in North America. J. Parasitol., 95(4): 
941-963.

33. Soldánová, M., Selbach, C., Kalbe, M., Kostadinova, A. and 
Sures, B. (2013) Swimmer’s itch: Etiology, impact, and risk 
factors in Europe. Trends Parasitol., 29(2): 65-74.

34. Valdovinos, C. and Balboa, C. (2008) Cercarial dermatitis 
and lake eutrophication in South-Central Chile. Epidemiol. 
Infect., 136(3): 391-394.

35. Soldánová, M., Faltýnková, A., Scholz, T. and 
Kostadinova, A. (2011) Parasites in a man-made landscape: 
contrasting patterns of trematode flow in a fishpond area in 
Central Europe. Parasitology, 138(6): 789-807.

36. Farahnak, A. and Essalat, M. (2003) A study on cercarial 
dermatitis in Khuzestan province, south western Iran. BMC 
Public Health, 3(1): 35.

37. Kia lashaki, E., Gholami, S., Fakhar, M., Karamian, M. and 
Daryani, A. (2021) Association between human cercarial 
dermatitis (HCD) and the occurrence of Trichibilarizia in 
duck and snail in main wetlands from Mazandaran province, 

Northern Iran. Parasite Epidemiol. Control, 13 : e00211.
38. Devkota, R., Brant, S.V., Thapa, S. and Loker, E.S. (2014) 

Two avian schistosome cercariae from Nepal, including a 
Macrobilharzia-like species from Indoplanorbis exustus. 
Parasitol. Int., 63(2): 374-380.

39. Estuningsih, S.E. and Copeman, D.B. (1996) Trematode 
larvae in Lymnaea rubiginosa and their definitive host in 
irrigated rice fields in West Java. J. Ilmu Ternak Vet., 1(3): 
200-205.

40. Soldánová, M., Selbach, C. and Sures, B. (2016) The 
early worm catches the bird? Productivity and patterns of 
Trichobilharzia szidati cercarial emission from Lymnaea 
stagnalis. PLoS One, 11(2): e0149678.

41. Mas-Coma, S., Valero, M.A. and Bargues, M. D. (2009) 
Climate change effects on trematodiases, with emphasis on 
zoonotic fascioliasis and schistosomiasis. Vet. Parasitol., 
163(4): 264-280.

42. Tracz, E.S., Al-Jubury, A., Buchmann, K. and Bygum, A. 
(2019) Outbreak of swimmer’s itch in Denmark. Acta 
Derm. Venereol., 99(12): 1116-1120.

43. Maleki, S., Athari, A., Haghighi, A., Taghipour, N., 
Gohardehi, S. and Tabaei, S.S. (2012) Species identification 
of birds nasal Trichobilharzia in Sari, North of Iran. Iran. J. 
Parasitol., 7(4): 82-85.

44. Kruatrachue, M., Bhaibulaya, M., Chesdapan, C. and 
Harinasuta, C. (1968) Trichobilharzia maegraithi sp. nov., 
a cause of cercarial dermatitis in Thailand. Ann. Trop. Med. 
Parasitol., 62(1): 67-73.

********


