
http://folia.paru.cas.cz

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.

Morphological and molecular analysis of Spinitectus notopteri 
(Nematoda: Cystidicolidae) from freshwater fish in Thailand

Kanda Kamchoo1 , Watcharasuda Hualkasin2 , Pojchanad Pathaburee3  and Adithepchaikarn Pachanawan4  

1	Faculty of Innovative Agriculture, Fisheries and Food, Prince of Songkla University, Surat Thani Campus, Surat Thani, Thailand;
2	Faculty of Science and Industrial Technology, Prince of Songkla University, Surat Thani Campus, Surat Thani, Thailand;
3	Office of Scientific Instrument and Testing, Prince of Songkla University, Hat Yai Campus, Songkhla, Thailand;
4	Faculty of Agriculture and Technology, Nakhon Phanom University, Nakhon Phanom, Thailand

Abstract: The nematode Spinitectus notopteri Karve et Naik, 1951 was collected from two species of freshwater fish belonging to the 
family Notopteridae, namely Chitala ornata (Gray) and Notopterus notopterus (Pallas), at Khun Thale Swamp in Surat Thani prov-
ince of southern Thailand. The overall prevalence of the parasite was found to be 88% (94 fish infected/106 fish examined). A higher 
prevalence was found in C. ornata (96%), while a higher intensity was noted for N. notopterus (117 parasites/fish). The most important 
morphological characters were the presence of cephalic and cuticular structures, precloacal ridges, and genital papillae. Specimens 
were genetically characterised using cox1 mtDNA. Morphological characteristics were most similar to Spinitectus petterae Boomker, 
1993 from Clarias gariepinus (Burchell) in Africa, while the genetic data were dissimilar to all available data for the genus. Therefore, 
the identification of nematode specimens using a combination of morphological and molecular techniques is stressed. This study also 
presents the first molecular analysis of S. notopteri infecting Thai freshwater fish and a new geographical record for S. notopteri.
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Fish diseases caused by parasites are important, as it 
is known that parasites may cause considerable damage 
to their hosts. Parasite infections may be caused by pro-
tozoans, helminths or arthropods, of which the helminths 
are dominant among fish parasites. Three groups of hel-
minths are parasitic in fishes: Platyhelminthes, Acantho-
cephala and Nematoda. In particular, nematode infections 
can be an economic threat to the market value and health 
of fishes in natural habitats. 

The nematode genus Spinitectus Fourment, 1884 
(Nematoda: Cystidicolidae) contains numerous species 
described mainly from the gastrointestinal tract of fresh-
water and marine fish species worldwide (Moravec et al. 
2002, 2004, 2023, Barrios-Gutiérrez et al. 2019, Austin 
et al. 2023). In Thailand, two species of Spinitectus have 
been reported in freshwater fish, namely S. thaiensis 
Moravec et Yooyen, 2011 and Spinitectus notopteri Karve 
et Naik, 1951 (Moravec and Yooyen 2011, Moravec et al. 
2016). 

However, specifically unidentified Spinitectus spp. 
have been reported in many species of freshwater fish in 
Thailand such as Channa striata (Bloch), Discherodon-
tus ashmeadi (Fowler), Hemibagrus nemurus (Valenci-
ennes), Notopterus notopterus (Pallas), Schistura buc-

calentus (Smith), S. breviceps (Smith), S. poculi (Smith) 
and Systomus orphoides (Valenciennes) (Wongsawad et 
al. 2004, Purivirojkul and Areechon 2008, Sriwongpuk 
2013, Phalee 2018, Juntaban et al. 2021). Moreover, 
Spinitectus sp. has been reported from N. notopterus in 
Pakistan (Sethar et al. 2020). 

The identification to the species level of these worms 
is difficult because the descriptions of most species are 
based solely on light microscopy (LM). The body surface, 
cephalic and cuticular structures, precloacal ridges and 
genital papillae or phasmids have so far been observed by 
scanning electron microscopy (SEM) only in several spe-
cies. In addition, many species of these worms are closely 
similar in appearance. 

Even though molecular analysis of this species has 
been reported in India by using the ribosomal 18S rRNA 
gene, the current study uses cox1 mtDNA for characteri-
sation (Kashyap et al. 2024). Interestingly, no Spinitectus 
specimens have been previously reported from Chita-
la ornata (Gray). Therefore, the present study aimed to 
identify and describe the collected specimens of S. no-
topteri using both morphological and molecular anal-
ysis to confirm species identity of nematode species in 
freshwater fish belonging to the family Notopteridae. 
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MATERIALS AND METHODS

Parasite examination
Two species of fish belonging to the family Notopteridae, 

namely Notopterus notopterus and Chitala ornata, were collected 
by a local fisherman at Khun Thale Swamp, Surat Thani prov-
ince, southern Thailand. These fish were caught using a gill net 
from January to December 2020. They were then transported 
to the laboratory in an icebox. The fish were measured for both 
their weight and total length. The digestive tract, including the 
stomach and intestine were dissected and placed in separate Petri 
dishes containing 0.85% normal saline and then examined under 
a stereo microscope. 

The collected nematodes were fixed in 4% formaldehyde 
solution, with some additionally preserved in 70% alcohol. In 
addition, some nematodes (in 70% alcohol) were obtained from 
N. notopterus at the Mekong River, Nakhon Phanom province, 
northeastern Thailand. For identification, the worms were cleared 
in glycerine and compared to the descriptions provided by Yama-
guti (1961) and Moravec et al. (2016). Drawings were made with 
the aid of a UDA-60 drawing attachment (Japan). 

Parasite infections were recorded and the infection rate was 
calculated according to Margolis et al. (1982). All measurements 
are given in micrometres unless otherwise stated. Scientific 
names of fish hosts follow FishBase (Froese and Pauly 2024). 
The voucher specimens were deposited at the Helminthological 
Collection of the Institute of Parasitology (IPCAS), Biology Cen-
tre of the Czech Academy of Sciences, České Budějovice, Czech 
Republic (Cat. No. N_1095). 

Scanning electron microscopy observations
The specimens were washed three times in 0.1 M phosphate 

buffer at pH 7.2, then fixed with 2.5% glutaraldehyde at 4 ℃ for 
24 h and post-fixed in 1% osmium tetroxide (OsO4) for 2 h. The 
worms were dehydrated with a graded alcohol series and dried in 
a critical point dryer. Specimens were sputter coated with gold at 
10 milliamperes for 3 minutes. Micrographs were taken using a 
SEM-Quanta (FEI Quanta 250) scanning electron microscope at 
an acceleration voltage of 15 kV. 

Molecular analysis
Specimens for DNA sequencing were kept in 100% ethanol. 

DNA extraction was done on individual nematodes using the 
Genomic DNA Mini Kit (Tissue) (GF-1 kit, Vivantis Technolo-
gies, Selangor Darul Ehsan, Malaysia). Usually, 25 mg of each 
sample material were lysed with 20 µl of Proteinase K and 200 
µl of lysis buffer solution in a heating block at 60 oC for half an 
hour. Then, after lysis, 200 µl of lysis buffer was added and incu-
bation continued at 70 oC for 10 minutes. The mixture was eluted 
with 50 µl of elution buffer. The concentration was determined by 
nanodrop and adjusted by dilution to 20 ng/µl. 

A partial fragment of the cytochrome c oxidase subunit 1 (cox 
1) gene was amplified with the forward primer (507) 5′-AGT-
TCTAATCATAA(R) GATAT(Y)GG and the reverse primer 
(HCO2198) 5′- TAAACTTCAGGGTGACCAAAAAATCA (Fol-
mer et al. 1994, Nadler et al. 2006, Barrios-Gutiérrez et al. 2019). 
The reaction mixture contained 10–20 ng of extracted DNA, 10 
pmol of each primer, 1× PCR reaction buffer (50 mM KCl, 10 mM 

Tris-HCl, pH 8.3), 25 mM MgCl2, 10 mM dNTPs, and 5 units/µl 
of Taq DNA polymerase (Finnzymes, Espoo, Finland). 

Amplification of DNA was done with a Perkin-Elmer (Gene 
Amp PCR system 9700). Thermocycling conditions included de-
naturation at 94 ° C for 2 min, followed by 30 cycles of 94 ° C for 
0.5 min, annealing at 52 ° C for 0.5 min, and extension at 72 ° C 
for 0.5 min, followed by a post-amplification incubation at 72 ° C 
for 7 min. PCR products were separated by gel electrophoresis. 
DNA bands were stained with SYBR Safe and photographed 
using a Gel Documentation machine (GEL DOC 1000, Hong-
kong), and the PCR products were subjected to DNA sequencing. 
Sequencing reactions were performed using ABI Big Dye (Ap-
plied Biosystems, Boston, Massachusetts) terminator sequencing 
chemistry, and reaction products were separated and detected us-
ing an ABI 3730 capillary DNA sequencer. 

Sequences generated in this study were compared to sequenc-
es in the GenBank database (https://www.ncbi.nlm.nih.gov/gen-
bank) using the BLAST search (https://blast.ncbi.nlm.nih.gov/
Blast.cgi.). The sequences were submitted to GenBank, and phy-
logenetic and molecular evolutionary analyses were conducted 
using MEGA version 11 (Tamura et al. 2021). The evolutionary 
history was inferred by using the Maximum Likelihood method 
and the Jukes-Cantor model (Juke and Cantor 1969). The boot-
strap consensus tree inferred from 1,000 replicates (Felsenstein 
1985) is taken to represent the evolutionary history of the taxa 
analysed.

RESULTS

Parasite infection 
Spinitectus notopteri from Chitala ornata and Notopterus 

notopterus (Notopteridae) was studied. A total of 106 fish 
were examined for parasites in the stomach. The infection 
rate showed prevalences of 96% and 85% with mean inten-
sities of 68 and 117 parasites/fish, respectively (Table 1). 

Morphological description of S.  notopteri from Thai-
land (Figs. 1, 2) (based on 20 specimens from C. ornata 
and 20 specimens from N. notopterus)

General description. Body elongated; cephalic end 
blunt, posterior end conical. Body surface covered with 
transverse non-interrupted rings spines (Fig. 1A,B,E,F). 
First ring with 20–28 spines (Fig. 1C). Specimens from 
N. notopterus with 20–26 spines (n = 10; Surat Thani = 
20–26; Nakhon Phanom = 20–25), specimens from C. or-
nata with 21–28 spines (n = 10). 

Male (Table 2). Male body covered with spines, visible 
at anterior part of intestinal region. Length of body 2.93–
3.87 mm in specimens from C. ornata and 2.45–4.45 mm 
in specimens from N. notopterus; maximum width 100–

Table 1. Prevalence and mean intensity of infection with Spini-
tectus notopteri Karve et Naik, 1951 in freshwater fish species 
from Khun Thale swamp, Surat Thani, Thailand.

Fish species Infected fish 
examined fish  

Prevalence 
(%)

Mean and range 
of intensity 

(parasites/fish)
Chitala ornata (Gray) 25/26 96 68 (6–428)
Notopterus notopterus (Pallas) 68/80 85 117 (9–459)
Total 94/106 88 -
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Fig. 1. Spinitectus notopteri Karve et Naik, 1951 from Chitala or-
nata (Gray). Light microscopy. A – anterior part of female; B – pos-
terior part of female; C – cephalic end, apical view; D – mature 
eggs; E – anterior part of male; F – posterior part of male.

170 in nematodes from C. ornata and 100–160 in N. no-
topterus. Preanal papillae: four pairs of subventral pedun-
culate papillae. Postanal papillae: five pairs of subventral 
papillae and one pair of ventral papillae at level of last pair 
of subventrals. A pair of small phasmids situated posterior 
to genital papillae (Figs. 1E,F, 2A,D). 

Female (Table 2). Female body covered with spines up 
to posterior extremity (Figs. 1A,C, 2E,F). Length of body 
3.30–5.84 mm in specimens from C. ornata and 3.48–6.25 
mm in specimens from N. notopterus; maximum width 
150–290 in nematodes from C. ornata and 150–290 in 
nematodes from N. notopterus. Eggs oval to almost spher-
ical, thick-walled, smooth or mostly with somewhat wrin-
kled sides, embryonated; eggs 22.5–30 long × 25–32.5 
wide (n = 30) (Fig. 1D). Tail covered with minute cuticular 
spines, with small terminal spike (Figs. 1B, 2F). 

H o s t s  i n  T h a i l a n d :  Clown featherback Chitala ornata 
(Gray) (Notopteridae, Osteoglossiformes); body length 25–49 
cm (mean 35 cm), weight 119–900 g (mean 438 g) in Khun Thale 
Swamp. Bronze featherback Notopterus notopterus (Pallas) (No-
topteridae, Osteoglossiformes); body length 21–35 cm (mean 25 
cm), weight 76–250 g (mean 139 g) in Khun Thale Swamp. 

P r e v a l e n c e  a n d  mean i n t e n s i t y :  96% in N. notopteri 
(25 fish infected/ 26 fish examined); 68 (6–428) parasites/fish; 
20 specimens measured. 85% in C. ornata (68 fish infected/ 
80 fish examined); 117 (9–459) parasites/fish; 20 specimens 
measured.

S i t e  o f  i n f e c t i o n :  Stomach. 
L o c a l i t y :  Khun Thale Swamp, Surat Thani province, 

southern Thailand.

Genetic characterisation
Partial sequences of the cytochrome c oxidase subunit 

1 (cox1) gene, 623 bp long, were obtained from one spec-
imen of S. notopteri from N. notopterus (GenBank acces-
sion number OR984421) and one specimen from C. ornata 
in Surat Thani (southern Thailand) (OR984420), and one 
specimen from N. notopterus in Nakhon Phanom (north-
eastern Thailand) (PP838724). 

Table 2. Morphological characteristics of Spinitectus notopteri Karve et Naik, 1951 from freshwater fish in Thailand.

Characteristic Host: Notopterus notopterus (SR*) Host: Notopterus notopterus (NP*) Host: Chitala ornata

Male (n = 10) Female (n = 10) Male (n = 10) Female (n = 10)  Male (n = 10) Female (n = 10)  
Body length (mm) 2.45–3.75 3.48–5.55 2.85–4.45 5.13–6.25 2.93–3.87 3.30–5.84
Body width 100–160 150–250 100–160 200–290 100–170 150–290
Vestibule + prostom 40–45 40–50 37.5–50 40–55 37.5–50  37.5–50
Prostom length 9–12.5 10–12.5 10–12.5 10–17.5 10–12.5  10–12.5  
Prostom width 12.5–15 12.5–15 10–12.5 10–15 10–12.5 12.5–17.5
Muscular oesophagus length 130–170 150–260 135–195 140–230 110–187.5 160–223
Muscular oesophagus width 15–20 20–30 17.5–22.5 22.5–27.5 15–20 20–22.5
Glandular oesophagus length 330–580 490–620 385–530 545–705 480–530 420–640
Glandular oesophagus width 40–75 50–80 58–80 63–85 50–75 50–80
Nerve ring from anterior end 63–95 62.5–100 60–90 68–95 60–97.5 88–113
Excretory pore from anterior end 88–125 112.5–160 80–130 95–125 90–137.5 130–150
Large spicule length 288–370 - 313–350 - 300–395 -
Small spicule length 80–95 - 80–90 - 75–92.5 -
Vulva from anterior end (mm) - 3.06–3.82 - 4.33–560 - 3.00–5.40

Eggs (n = 30) - 22.5–27.5 
× 25–32.5 - 22.3–30 

× 27.5 –32.5 - 22.5–27.5 
× 25–32.5

in µm except body length and distance of vulva; * SR – Surat Thani; *NP – Nakhon Phanom
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Fig. 2. Spinitectus notopteri Karve et Naik, 1951 from Chitala ornata (Gray). Scanning electron microscopical observations. A – mouth 
part of male; B – anterior part of male; C – posterior part of male with genital papillae; D – posterior part of male with ventral precloacal 
ridges; E – anterior part of female; F – posterior part of female.

A phylogenetic analysis of the cox1 dataset (381 bp 
long) yielded trees with similar topologies among the an-
alysed species, all with well-supported nodes. The maxi-
mum likelihood (ML) analysis showed S. notopteri from 
Surat Thani to be reciprocally monophyletic in all analy-
ses, with strong nodal support from bootstrap (100). Spini-
tectus notopteri from Nakhon Phanom also showed strong 
nodal support (97). The sequence divergences between 
S. notopteri from N. notopterus and C. ornata from Surat 
Thani was 0.79%, while divergence between Surat Thani 
and Nakhon Phanom samples was 7.15–8.00%. Haplotypes 
of Spinitectus petterae formed a clade with high bootstrap 
support (84). Haplotypes of Spinitectus humbertoi Cas-

peta-Mandujano et Moravec, 2000 formed a clade with 
high bootstrap support (98). Genetic divergences among 
S. notopteri, S. humbertoi, S. petterae, Spinitectus osorioi 
Choudhury et Pérez-Ponce de León, 2001 and Nematoda 
gen. sp. were 12.9–14.1%, 13.8–17.7 %, 14.7–17.3% and 
12.2–14.4%, respectively (Fig. 3). 

DISCUSSION
This study revealed the occurrence of the nematode 

Spinitectus notopteri in two species of freshwater fish of 
the family Notopteridae, namely Notopterus notopterus and 
Chitala ornata. The present study reports the first discovery 
of S. notopteri in C.  ornata. Spinitectus notopteri was 
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previously found in freshwater fish from India and Thailand 
(Moravec et al. 2016, Kashyap et al. 2024). In Thailand, 
S. notopteri was already reported in N. notopterus by 

Moravec et al. (2016). Nevertheless, this study conducted a 
comparative analysis of samples from various hosts to verify 
the species.

The number and arrangement of cuticular spines on 
the body are generally considered to be important features 
for the identification of Spinitectus spp., but the number 
of spines per ring may show some intraspecies variability 
(Moravec 1996). The number of spines in the first ring in S. 
notopteri was reported to be 20–23 by Moravec et al. (2016) 
and Kashyap et al. (2024). In our study, specimens had 21–
28 (in C. ornata) and 20–26 spines (in N. notopterus) in the 
first ring, which extends the range of intraspecific variation 
in this species.

Spinitectus notopteri occurred in C. ornata and N. notop-
terus from Khun Thale Swamp, southern Thailand, with high 
prevalence (88–96%), which suggests that both fish serve as 
suitable definitive hosts of this nematode. It is probable that 
Spinitectus sp. collected from N. notopterus in northeastern 
Thailand by Sriwongpuk (2013) belong to S. notopteri but 
voucher specimens were not studied by the present authors 
to confirm identification. 

Two unnamed species of Spinitectus were reported from 
N. notopterus in Pakistan. Spinitectus sp. I has many more 
spines in the first ring (58–60) and almost certainly repre-
sents another species. In contrast, Spinitectus sp. II has the 
number of spines (20–23) identical with S.  notopteri as 
characterised by Moravec et al. (2016) and Kashyap et al. 
(2024) and is probably conspecific. Moravec et al. (2016) 
synonymised four different species of parasites, Spinitectus 
alii Kalyankar, 1970, S.  bengalensis Chakravarty, Sain et 
Majumdar, 1961, S. gomalensis Siddiqui et Khattak, 1984, 
and S. thapari Ali, 1957, all found in N. notopterus, as one 
and the same species,  with S. notopteri. However, this syn-
onymy was based only on morphological characteristics in 
the original descriptions, without a study of type specimens 
or genetic comparison of individual taxa. Molecular data 

Fig. 3. Evolutionary analysis of Spinitectus notopteri by Maxi-
mum Likelihood method. The evolutionary history was inferred 
by using the Maximum Likelihood method and Jukes-Cantor 
model. The bootstrap consensus tree inferred from 1,000 repli-
cates is taken to represent the evolutionary history of the taxa 
analysed. Branches corresponding to partitions reproduced in 
less than 50% bootstrap replicates are collapsed. The percentage 
of replicate trees in which the associated taxa clustered togeth-
er in the bootstrap test (1,000 replicates) are shown next to the 
branches. Initial tree (s) for the heuristic search were obtained 
automatically by applying Neighbor-Join and BioNJ algorithms 
to a matrix of pairwise distances estimated using the Jukes-Cantor 
model, and then selecting the topology with superior log likeli-
hood value. This analysis involved 16 nucleotide sequences. Co-
don positions included were 1st + 2nd + 3rd + noncoding. There 
were a total of 381 positions in the final dataset. Evolutionary 
analyses were conducted in MEGA11.

Table 3. Reference for constructing phylogenetic analysis.

GenBank 
Accession Parasite species

MH778494.1 Spinitectus humbertoi Mandujano-Caspeta et Moravec, 2000
MK024434.1 Spinitectus humbertoi Mandujano-Caspeta et Moravec, 2000

MH778493.1 Rhabdochona xiphophori Caspeta-Mandujano, Moravec et 
Salgado-Maldonado, 2001

OP800445.1 Spinitectus petterae Boomker, 1993
MN592671.1 Spinitectus osorioi Choudhury et Pérez-Ponce de León, 2001
NC_031365.1 Dirofilaria sp.  
MH778490.1 Rhabdochona kidderi Pearse, 1936 

MN592670.1 Rhabdochona xiphophori Caspeta-Mandujano, Moravec et 
Salgado- Maldonado, 2001

MK341638.1 Spinitectus mexicanus Caspeta-Mandujano, Moravec et 
Salgado-Maldonado, 2000

AP017692.1 Onchocerca flexuosa Abd-Ellatieff, Bazh, Hussin, 
Yamamoto,Yanai et AbouRawash, 2022

OQ726918.1 Dirofilaria immitis Leidy, 1856
NC_026687.1 Gongylonema pulchrum Molin, 1857
OR984420 Spinitectus notopteri (C*) SR*
OR984421 Spinitectus notopteri (N*) SR*
PP838724 Spinitectus notopteri (N*) NP*
PP627445.1 Nematoda gen. sp. BOLD:AFB1067
*C – Host: Chitala ornata; *N – Host: Notopterus notopterus; 
*NP – Nakhon Phanom; *SR – Surat Thani
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