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Abstract 
Background: Sparganosis is a zoonotic disease caused by Plerocercoid larvae 
(spargana) of the genus Spirometra. We aimed to provide molecular evidence for the 
infection of amphibians with Spirometra sp. in the inside and outside of Horton 
Plains National Park (HPNP), Sri Lanka. 
Methods: The prevalence of sparganum infection in wild frogs (Truga eques and 
Minverya agricola) was investigated in the inside and outside of HPNP from June 
2019 to April 2021.A total of 1,434 Amphibians samples were surveyed to examine 
the spargana infection from the study site. To identify the species identity of the 
collected spargana, a portion of the mitochondrial cytochrome c oxidase subunit 1 
(cox1) gene and nuclear 18S rRNA gene were amplified, sequenced, and analyzed. 
Results: A total of 539 infected amphibians (T. eques and M.  agricola) samples were 
examined to survey from the study area. Spargana were detected in all dissected 
specimens belonging to the species Spirometra erinaceieuropaei that were genetically 
confirmed using the evolutionary conserved nuclear 18S rRNA gene and then 
compared to the GenBank deposit, indicating that S. erinaceieuropaei is the primary 
causal agent of sparganosis both inside and outside the HPNP. 
Conclusion: Our finding is the first genetically confirmed record of S. erinaceieuro-
paei in amphibians in South Asia. However, further studies are needed to investigate 
the prevalence of sparagna infection in amphibians all over the island. 
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Introduction 
  

parganosis is a neglected parasitic in-
fection and, emerging zoonotic disease 
in Asia, Europe and North America (1-
3). Hence, the Plerocercoid larvae 

(sparganum /pl. spargana) of various Diphyl-
lobothroid tapeworms cause sparganosis, a 
food-and water-borne illness in humans and 
animals. The species of genus Spirometra in-
clude S. erinaceieuropaei, S. ranarum, S. man-
sonoides and Sparganum proliferum (4-6). S. man-
sonoides and S. erinaceieuropaei are recorded as 
the most important causative agents, which 
are distributed in North American and Asian 
countries, respectively (7). 

The tapeworm S. erinaceieuropae is the most 
important species in the genus Spirometra 
tapeworms (8). The life cycle of these parasites 
requires two different intermediate hosts; the 
parasite’s first intermediate hosts are copepods 
(Cyclops sp.) planktonic crustaceans in which 
procercoids (the first larval stage) develop, and 
the second intermediate or paratenic hosts are 
vertebrates, such as amphibians, reptiles, birds, 

or mammals (including humans) (9,10). In-
termediate hosts are already considered im-
portant vectors for parasite transmission in 
Asia (10-12). Moreover, the sites spargana 
(plerocercoid larvae) migrate in the subcuta-
neous tissues and sometimes invade the ab-
dominal cavity, skin and soft tissues, muscles, 
visceral organs, and the central nervous sys-
tem (13-15). Infected amphibians are more 
vulnerable to parasitic infection, which causes 
amphibian abnormalities caused by trematode, 
cestode, and nematode parasites (16-19). 
However, cestode parasites cause parasitic in-
fection, which leads to amphibian abnormali-
ties forming surficial abnormalities (infectious 
diseases, cysts, and wounds), skeletal abnor-
malities, and eye abnormalities (20-21).  

The current study was conducted in the 
HPNP, as shown in Fig. 1. Only one study has 
been recorded on this site concerning amphib-
ian abnormalities and threats in pristine eco-
systems in Sri Lanka, and these abnormalities 
have been mentioned by (22).  

 

 
 

Fig. 1: Locations of sampling sites within and outside the HPNP 
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The aim of the present study was to conduct 
a survey of amphibians as hosts of Spirometra 
sp. and to provide molecular evidences of 
spargana collected from amphibians. These 
findings may aid in identifying the origins of 
infection, which accounts for major implica-
tions for the prevention and management of 
sparganosis in the research region. Moreover, 
we designed our analysis based on the coding 
gene of mitochondrial cytochrome c oxidase 1 
gene (cox1) and nuclei 18SrRNA of spagarna 
isolated from infected amphibians, HPNP, Sri 
Lanka. 
 

Materials and Methods 
 
Ethical approval  

This study was conducted with the permis-
sion from the Department of Wildlife and 
Conservation, Sri Lanka (permit no 
WL/2/3/6/19) and Department of Forest 
Conservation (R&E/RES/NFSRCM/2019-
03).  

 
Parasites samples 

 Live specimens of T. eques (Hour grass-tree 
frog) and M. agricola (common Indian cricket 
frog) were collected from the inside and out-
side of HPNP, respectively, totaling 1320 and 
114. According to the procedures, the naked 
eye was used to examine the skeletal muscles 
and skins for the presence of spargana accord-
ing to the methods of (23). Only fifteen sam-
ples were taken from the total number of in-
fected amphibians and dissected to determine 
the parasitized helminths. 
 
Euthanizing and preserving of infected 
amphibians 

Infected frogs were euthanized by immers-
ing them one by one in a 10% buffered for-
malin solution (24). Then it was followed by 
the preservation of specimens in 70% alcohol 
for 6 hours for full necropsies to confirm and 
characterize suspected parasitism. 
 

Dissection of preserved frogs 
Parasitized larval stages and cysts extracted 

from muscles and subcutaneous tissues, were 
isolated using small scissors and forceps and 
placed in a Petri dish containing physiological 
0.85% saline (25) to observe their viability and 
movement. The number of parasites collected 
from each infected frog was counted to esti-
mate the intensity of infection. Then, the ex-
tracted parasites and their life stage were ex-
amined microscopically to identify them up to 
genus level according to morphological fea-
tures and site of predilection (26) and after 
microscope analysis, they were immediately 
fixed in 70% ethanol and stored at −20 ◦C 
until the extraction of genomic DNA. 
 
Molecular Procedure 
DNA extraction 

Total genomic DNA was extracted from in-
dividual plerocercoid samples using the extrac-
tion QIAamp-DNA Mini kit with the tissue 
protocol ((NucleoSpin® Tissue, Macherey-
Nagel, Germany)) following the manufactur-
er’s protocol. The samples were incubated 
with ATL buffer and proteinase K for 1 h. 
(completely digested with lysis buff-
er/proteinase K for 2–3 h at 56 °C). 
 
Amplification 

 The partial two nuclei 18SrRNA genes were 
amplified using the forward primer 18S9modF 
(5’-GATCCTGCCAGTAGTCATATGCTTG 
-3’) and the reverse primer 18S637modR (5’-
TACGCTWYTGGAGCTGGAGTTACCG-
3’). The partial cox1 region was amplified us-
ing the forward primer Dice1F (5′- AT-
TAACCCTCACTAAATT-
WCNTTRGATCATAAG-3′) and the reverse 
primer Dice11R (5′- TAATACGACTCAC-
TATAGCWGWACHAAATTTHCGATC -3′) 
(11).  

PCRs were 25 µL in volume and typically 
contained: 3.5 mM MgCl2, 0.5 µM each pri-
mer, 0.2 mM dNTPs, 0.6 U Platinum Taq pol-
ymerase (Invitrogen) in 1× PCR buffer. 
Thermocycling conditions were as follows: 
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94 °C for 2 min; 3 cycles of 94 °C for 40 sec, 
51 °C for 40 sec, 72 °C for 1 min; 5 ‘touch-
down’ cycles of 94 °C for 40 sec, 50 °C to 
46 °C for 40 sec (dropping 1 °C per cycle), 
72 °C for 1 min; 35 cycles of 94 °C for 40 sec, 
45 °C for 40 sec, 72 °C for 1 min; and a final 
extension at 72 °C for 5 min. For each PCR 
experiment, a negative (no DNA) and an am-
plicon were separated by 1% agarose gel-
electrophoresis (11). 

Sequences of the nuclei and mitochondrial 
genes were separately aligned with the refer-
ence sequences in the GenBank using the 
computer program Clustal W 2.0 and adjusted 
manually. The DNA sequences obtained here-
in were compared (using the algorithm 
BLAST-N) with known sequences available in 

the National Center for Biotechnology Infor-
mation (NCBI) database by BLAST analysis 
(https://blast.ncbi.nlm.nih.gov). Our current 
material's 18SrRNA and cox1 sequences have 
been uploaded to the GenBank database 
(https://www.ncbi.nlm.nih.gov/genbank/). 
 

Results 
 

Only 539 amphibians were infected out of 
1,434 amphibians examined both inside and 
outside the HPNP. The cyst and larval stages 
were found in 37.5% of the amphibians 
(539/1434). Infection prevalence varied from 
2.1% to 42.7% in Table 1. 

 
Table 1: Prevalence and host samples from the inside and outside of HPNP, Sri Lanka in 2019 

 

Host species    Sources 
of 

samples 

Number of 
samples 

Infected 
host sam-

ples 

Types of in-
fection 

Prevalence 
(%) 

T. eques Inside the HPNP 250 84 Cyst 33.6 

T. eques Ambewela 456 195 Cyst 42.7 
T. eques Pattipola 614 256 Cyst 41.6 
M. Agricola Boralanda 67 3 Larval stage 4.4 
M. Agricola Ohiya 47 1 Larval stage 2.1 
Total  1434 539  37.5 

*Locations outside HPNP was represented from Ambewela, Pattipola, Boralanda, Ohiya 

 
Molecular analysis for cysts of infected 
amphibians 

Encysted parasites of T. eques were found as 
cysts, only few infections were recorded at the 
muscles of sampled amphibians, which are 
associated with backbones. Mostly parasitized 
around the muscles attached to the metacar-
pals and phalanges of hind limb bones. Cysts 
are cream-white in colour and spherical 
shaped. Length and Diameter of cysts ranged 
between 0.1mm – 8.00 mm and 0.05 mm – 
4.00 mm respectively, as shown in Fig. 2. The 
analyzed 18S rRNA and cox1 gene fragment 
of parasitic cysts isolated from frog skeletal 
tissues showed 99% -100% identity with the 

GenBank-deposited S. erinaceieuropaei. from 
GenBank. Parasites which were found in M. 
agricola species mostly parasitized muscles, es-
pecially muscles of the hind limbs. This infec-
tion appeared as cysts when examining super-
ficially but parasites were precisely detected 
when the infected frogs were skinned and dis-
sected as creamy-white masses. The length of 
parasites ranged from 1.00 cm- 10.00 cm, as 
shown in Fig.3. The analyzed 18S rRNA and 
cox 1 gene fragments of parasitic cysts isolated 
from frog skeletal tissues showed respectively 
98% -99% and 88%- 94% identity with the 
GenBank-deposited S. erinaceieuropaei. 
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Fig. 2: Parasitization sites in T. eques frogs. A-F: Parasitization in skeletal muscles in backbone and thigh re-
gion of frogs. C, D: Cysts attached to the Sartorius, gracilis major and gracilis minor muscles. E- Cysts bound 

to the metacarpals and phalanges of hind limb bones. F- Extracted cysts from the musculature of infected 
frogs 

 

 
 

Fig. 3: Parasitisation sites in M. agricola frogs. A-C: Parasitisation in skeletal muscles in the thigh region of 
frogs. A- Cotton like parasitic worm. B, C- Curled up parasite at the dorsal muscle 
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Discussion 
 

Premature stages of T. eques to parasite in-
fections were prominent both inside and out-
side Horton Plains National Park, showing the 
great vulnerability of pre-mature stages of T. 
eques to parasitic infections as a widespread 
phenomenon (22). T. eques was infected with 
encysts, which did not lead to the identifica-
tion of parasitic infection. Therefore, the pre-
sent study is the first genetically confirmed 
report of S. erinaceieuropaei infection in amphib-
ians (T. eques and M. agricola) in South Asia. 
Most of the cysts were observed to emerge 
within the musculature around the limb struc-
tures of the amphibians.  

Therefore, these cysts could be due to attack 
by cestoda as they are generally found above 
the skeletal muscles around the limb struc-
tures. Because S. erinaceieuropaei cysts form in 
the deeper layers of the epidermis, they could 
have been caused by parasitic infections. Spi-
rometra sp. plerocercoids are difficult to identi-
fy morphologically. As a result, molecular 
techniques are the most encouraging affirma-
tion of their systematic classification (9, 27, 
28). A group of morphologically similar para-
sites was identified using the molecular taxon-
omy method based on suitable markers, which 
is well documented. Previous studies have 
used these markers, such as cox1, for the iden-
tification of S. erinaceieuropaei (5, 29-33). Hence, 
due to the identification of the spargana sam-
ples as S. erinaceieuropaei, the phylogenetic rela-
tionship of tapeworms within the Diphyllo-
bothriidae family, based on partial cox1 and 
18S rRNA sequences unambiguously separat-
ed the genus Spirometra from Diphyllobothrium. 
In order to elucidate the genetic diversity of S. 
erinaceieuropaei in Sri Lanka, a further investiga-
tion with a greater number of cyst-infected 
frog samples from diverse locations is re-
quired.  

 
 

Conclusion 
 

The present study indicated all spargana 
specimens of amphibians (T.eques and 
M.agricola) which were dissected in the inside 
and outside of HPNP, Central Province, Sri 
Lanka were confirmed as S. erinaceieuropaei with 
37.5% (537/1434) prevalence rate. Future re-
search should investigate especially the role of 
S. erinaceieuropaei infection, along with the 
broader impact of S. erinaceieuropaei as a prima-
ry pathogen on amphibian’s populations. This 
investigation consequently shown which spar-
agna is the major causative agent of cyst ab-
normalities in amphibians. The findings 
should be complemented by a discussion of 
the benefits and limitations of the surveillance 
strategy in order to estimate the disease's rele-
vance to amphibian populations in Sri Lanka. 
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