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Abstract: 	 The nematode genus Rhabdochona Railliet, 1916 (Rhabdochonidae) comprises numerous species, mostly intes-
tinal parasites of freshwater fishes in all zoogeographical regions. To identify the nematodes of fish from Shapour 
River and Seyed Hosein Spring (Fars Province, Iran), 38 fish individuals of four species (Alburnus mossulensis, 
Cyprinion macrostomum, Paracapoeta trutta and Garra rufa) were examined for the presence of nematode par-
asites in the digestive tract. The results showed the presence of one nematode species of the genus Rhabdochona 
from the intestine of the examined fish, with prevalence of 11.11% in C. macrostomum, 80.0% in A. mossulensis 
and 40.0% for G. rufa. In P. trutta, no nematode infection was found. The samples of Rhabdochona were exam-
ined by nucleotide sequence analysis of small subunit rRNA (SSU rRNA) and showed a similarity of over 98% 
between our samples and the sample of Rhabdochona (Rhabdochona) hellichi (Śrámek, 1901) Chitwood, 1933 
(NCBI GenBank accession number JF803913.1) reported by Moravec & Cernotikova (2011).
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Introduction
Nematodes are frequently regarded as one of the 
most important and harmful worm parasites that af-
fect fish. They can kill the fish host by severe move-
ment that strains and kills the host and have a detri-
mental effect on the fishing industry (Moravec 1994, 
Woo 1995). The life cycle of the species of Rhab-
dochona includes aquatic insects (Ephemeroptera, 
Trichoptera and Plecoptera), which are considered 
intermediate hosts (Moravec 2010). 

There are relatively few studies on parasitic 
nematodes of fish from Iran (Pazooki 1996, Pazooki 
& Masoumian 2001, Pazooki et al. 2008). To im-
prove aquaculture in southeastern Iran and to prevent 
losses in fish stocks, there is a need for more infor-
mation on parasites of wild fish that may be trans-
ferred to farms. In aquaculture systems, brood stock 
infected with a small number of nematodes may not 
show signs of illness but they often have reduced 
productivity rates. However, juvenile fish infected by 
low numbers of nematodes are more likely to show 
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signs of illness and reduced growth rates (Yanong 
2002). The genus Rhabdochona Railliet, 1916 com-
prises numerous species parasitizing the intestine 
of freshwater fishes in all zoogeographical regions 
(Mejía-Madrid et al. 2007, Moravec et al. 2008, 
Moravec 2010). Many new species of Rhabdochona 
are continually being described, mainly from previ-
ously little-explored regions in the Americas, Africa 
and Asia, and the number of known species is contin-
uously increasing. Some recently described species 
have also been studied using PCR method. In Iran, 
molecular studies on the Rhabdochona spp. have 
been limited, with most research focusing primarily 
on their morphology. Molecular methods may also 
provide a level of parasite identification beyond what 
is possible with morphology alone, e.g. differentiat-
ing between morphologically similar species, e.g. 
Rhabdochona hellichi (Śrámek, 1901) Chitwood, 
1933 vs. R. milleri Choquette, 1951. Finally, they 
may play an important role in identifying and differ-
entiating parasites when their morphological features 
are ambiguous or variable. In addition, morphology 
can be modified when the fish has recently received 
antiparasitic therapy or if there is a significant delay 
in transporting the specimen to the laboratory. Incor-
poration of PCR into the clinical microbiology lab 
has been facilitated by use of automated nucleic acid 
extraction platforms, which allow for high-through-
put testing (Sails & Tang 2015). 

In this study, we present the development of 
molecular approach for detection of Rhabdochona 
hellichi in naturally-infected cyprinid fishes using 
PCR of SSU rRNA gene and nucleotide sequence 
analysis. The SSU rRNA gene is one of the most 
widely utilized loci for phylogenetic inference 
among organisms (Giribet & Wheeler 2001). As a 
conservative gene, the SSU rRNA varies at a con-
stant rate and can be used as the molecular clock 
of evolution. Its relatively highly-variable regions 
provide important information for the relationship 
among species and can also be used as a biological 
identification label (Tay et al. 2005), thus playing an 
important role in the phylogenetic research.

Materials and Methods
Sampling and Examination
Fish were caught in January 2025 by fixed net 
from the Shapour River (29°  46’  49.6’’  N and 
51° 35’ 04.0’’ E) located in the Kazerun, Fars Prov-
ince, Iran, and transported alive to the laboratory. 
The fish were identified using identification key 
(Froese & Pauly 2025). Nematodes were collected 
from the intestine of 38 cyprinid individuals of four 

species: Mossul bleak Alburnus mossulensis Heck-
el, 1843 – 10 specimens, Tigris kingfish Cyprinion 
macrostomum Heckel, 1843 – 18 specimens, trout 
barb Paracapoeta trutta (Heckel, 1843) – 5 speci-
mens and red garra Garra rufa (Heckel, 1843) – 5 
specimens. They were fixed and stored in 70% etha-
nol. For light microscopic examination (LM), they 
were cleared in glycerol and morphologically iden-
tified to the generic level (Moravec 1994). A sub-
sample of 20 nematodes were fixed in 75% ethanol 
and stored in a refrigerator for further molecular 
analysis. Data analyses of the parasite and host were 
conducted using SPSS Statistics, Version 18, in or-
der to determine the abundance of infection. All the 
experiments on animals were approved by the Re-
search Ethics Committee on Animal Ethics, Islamic 
Azad University, Kazerun Branch, Iran (IR.IAU.
RES. No: 1398.150). 

Molecular identification
DNA extraction of 20 samples was performed using 
High Pure PCR Template Preparation Kit (Roche, 
Diagnostics GmbH Sandhoferstrasse 116 DE-68305 
Mannheim, Germany) according to the manufac-
turer’s protocol. PCR amplification was performed 
in a Biometra T3 thermocycler (Fisher Scientific, 
Hampton, NH, United States) using 60 μl reac-
tion volumes. The reaction mixtures consisted of 
20ng DNA template, 1 U BioTaq DNA polymerase 
(DNA-Technology, Varshavskoe shosse, 125Zh, 
Bld. 6, fl. 5, Moscow, 117587, Russia), 1 mM dNT-
Ps, 1.5 mM MgCl2 and 1 μM of the two primers. To 
amplify the SSU rRNA gene, the primers D-1F (GC-
CTATAATGGTGAAACCGCGAAC) as a forward 
and D-1R (CCGGTTCA AGCCACTGCGATTA) as 
a reverse were used. The PCR procedure consisted 
of a pre-denaturation step at 94°C for 5 min., fol-
lowed by 30 cycles of denaturation at 94°C for 30 s, 
annealing at 50°C for 30 s and elongation at 72°C for 
30 s, with a final post-elongation step at 72°C for 10 
min. The products were analyzed by 1.5% ethidium 
bromide-stained agarose gel electrophoresis (Wijo-
va et al. 2006). Identification of parasites was based 
on sequencing a portion of the SSU rRNA gene. 
The amplified genome fragment was extracted from 
an agarose gel using the illustra TM GFXTM PCR 
DNA and Gel Band Purification Kit (GE Healthcare, 
Chicago, Illinois, United States), then nucleotide 
sequencing was performed at Macrogen Inc. (10F, 
254 Beotkkot-ro, Geumcheon-gu, Seoul, South Ko-
rea). Phylogeny was inferred using the Maximum 
Likelihood method and Tamura-Nei (1993) model. 
Evolutionary analyses were conducted in MEGA12 
(Kumar et al. 2024).
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Results
The microscopic morphological examination of 38 
cyprinid fish revealed a total of 31.58% of the fish 
were infected with Rhabdochona sp. (intensity of 
infection 1–7 nematodes per fish; mean = 3.58). The 
results indicated the presence of a single nematode 
species of the genus Rhabdochona in the intestines 
of the examined fish. Specifically, two (11.1%) of 
Cyprinion macrostomum, two (40.0%) of Garra 
rufa and eight (80.0%) of Alburnus mossulensis 
were infected with the parasite, while Paracapoeta 
trutta showed no infection. A total of 43 nematodes 
were collected, all belonging to the genus Rhabdo-
chona. The presence of 14 anterior prostomal teeth, 
filamented eggs and a sharply pointed female tail 
in the specimens indicated that they belong to the 
genus Rhabdochona Railliet, 1916. The amplified 
fragment of the SSU rRNA gene, generated using 
a pair of universal primers, was 400 base pairs in 
length. The size of the DNA band obtained from PCR 

matched the expected size, as confirmed by analyz-
ing the R. (Rhabdochona) hellichi sample recorded 
in GenBank (accession number JF803913.1; http://
www.ncbi.nih.gov). The DNA band was bright and 
clear, indicating strong amplification of the sam-
ple’s DNA. Therefore, we could conclude that the 
PCR method used in this study was successful. The 
nucleotide sequence of the PCR product was com-
plete. This nucleotide sequence was queried using 
BLAST in GenBank, revealing an identity of over 
98% with Rhabdochona (Rhabdochona) hellichi 
(accession number: JF803913.1). The nucleotide 
alignment results indicated that there are some nu-
cleotide differences between the sequences obtained 
in this study and the registered sequences (accession 
number: JF803913.1). These differences included 
substitutions and gaps at positions 5, 12, 15, 21, 
123, 136, 142, 171, 178 and 187, with no nucleotide 
deletions observed. A phylogenetic tree for Rhabdo-
chona (Rhabdochona) hellichi (accession number: 
JF803913.1) is illustrated in Fig. 1.

1 
 

 
Fig. 1. Phylogenetic analysis by SSU rRNA gene of a sample recorded in NCBI GenBank (accession 
no. JF803913.1).The phylogeny was inferred using the Maximum Likelihood method and Tamura-
Nei (1993) model (Tamura & Nei 1993) of nucleotide substitutions and the tree with the highest log 
likelihood (-8,428.22) is shown. The initial tree for the heuristic search was selected by choosing the 
tree with the superior log-likelihood between a Neighbor-Joining (NJ) tree (Saitou & Nei 1987) and 
a Maximum Parsimony (MP) tree. The NJ tree was generated using a matrix of pairwise distances 

computed using the p-distance (Nei & Kumar 2000). The MP tree had the shortest length among 10 
MP tree searches, each performed with a randomly generated starting tree. The analytical procedure 

encompassed 37 coding nucleotide sequences using 1st, 2nd, 3rd, and non-coding positions with 
3,787 positions in the final dataset. 

Fig. 1. Phylogenetic analysis by SSU rRNA gene of a sample recorded in NCBI GenBank (accession no. JF803913.1).
The phylogeny was inferred using the Maximum Likelihood method and Tamura-Nei (1993) model (Tamura & Nei 
1993) of nucleotide substitutions and the tree with the highest log likelihood (-8,428.22) is shown. The initial tree for 
the heuristic search was selected by choosing the tree with the superior log-likelihood between a Neighbor-Joining (NJ) 
tree (Saitou & Nei 1987) and a Maximum Parsimony (MP) tree. The NJ tree was generated using a matrix of pairwise 
distances computed using the p-distance (Nei & Kumar 2000). The MP tree had the shortest length among 10 MP tree 
searches, each performed with a randomly generated starting tree. The analytical procedure encompassed 37 coding 
nucleotide sequences using 1st, 2nd, 3rd, and non-coding positions with 3,787 positions in the final dataset.
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Discussion 
Among the agents that cause infections in freshwa-
ter, brackish-water and marine fish worldwide, nem-
atodes are particularly significant due to their poten-
tial to cause mechanical and nutritional deficiencies 
in their hosts. Current knowledge of these parasites 
remains incomplete, especially regarding their biol-
ogy, ecology, taxonomy, phylogeny and zoogeog-
raphy (Moravec 2007). The present examination 
identified R. (Rhabdochona) hellichi in freshwater 
fish from the Shapour River in southwestern Iran. 
This nematode belongs to the family Rhabdocho-
nidae. Currently, the genus Rhabdochona Railliet, 
1916 includes 94 valid species that parasitize fresh-
water fish across all major zoogeographical regions 
(Moravec & Yooyen 2011). In Iran, three species of 
Rhabdochona have been reported from freshwater 
fish: R. denudata (Dujardin, 1845), R. fortunatowi 
Dinnik, 1933 (Pazooki & Masoumian 2001) and 
R. (Rhabdochona) hellichi (Eslami et al. 1972), as 
well as four species in Iraq: R. denudata, R. helli-
chi, R. similis (Moravec et al. 1991) and R. tigridis 
Rahemo, 1978 (Moravec et al. 2009, Bilal 2024). 
Additionally, Moravec et al. (2009) reported the 
fourth-stage larvae of Rhabdochona from cyprinids 
such as the barbell Luciobarbus barbulus (Heckel), 
the Kersin barbell Luciobarbus kersin (Heckel) and 
the Tigris kingfish Cyprinion macrostomus in the 
Tigris River basin, which is located in the Mesopo-
tamian region where the Shapour River also flows. 
The study by Kuchboev et al. (2021) highlighted 
the prevalence of Rhabdochona species in marinka 
fish Schizothorax argentatus Kessler, 1874 from the 
Fergana Valley, Uzbekistan, identifying R. gnedini 
Skrjabin, 1948, R. denudata and R. turkestanica 
(Skryabin, 1917) Krepkogorskaya, 1927 as the most 
commonly identified species. These nematodes 
were found exclusively in the intestines of marinka 
fish from mountain rivers and small tributaries of 
the Syrdarya River. The findings suggested that the 
ecological conditions in these areas, including the 
presence of mayfly and caddisfly larvae, significant-
ly influence the distribution of Rhabdochona spp. 
Bilal (2024) investigated the prevalence, intensity 
and abundance of R. longispicula Belous, 1965 in 
C. macrostomus from the Greater Zab River. Their 
findings revealed a peak in infection during May-
June, with a maximum prevalence of 42.85%. Host 
age significantly affected infection rates, while no 
significant differences were observed between male 
and female fish, indicating that environmental fac-
tors play a critical role in parasite maturation. Khan 
et al. (2022) studied helminth parasitic infections in 

Schizothorax plagiostomus (Heckel) from the Swat 
and Panjkora rivers, reporting a prevalence of Rhab-
dochona spp. at 21.9%. The highest infection rates 
were observed in summer and among adult fish, with 
female fish showing a higher prevalence than males. 
This research underscored the long-term relation-
ship between Rhabdochona spp. and snow trout, 
highlighting a potential zoonotic risk to humans. 

	 In the current study, we found that 31.58% 
of the fish were infected with R. (R.) hellichi. The 
analysis of SSU rRNA genes is one of the commonly 
used targets for genetic diagnostic tests for parasites. 
In the present study, PCR of SSU rRNA genes and 
DNA sequencing were successfully developed for 
the identification of R. (R.) hellichi. Selected primers 
were universal primers capable of amplifying DNA 
from nematodes across a wide range of helminths. 
Amplified SSU rRNA genes fragments contain a 
variable nucleotide sequence that enable identifica-
tion of specific parasite species using species-spe-
cific primers or PCR-RFLP (polymerase chain re-
action – restriction fragment length polymorphism) 
techniques. Although the results revealed an identity 
of over 98% with R. (R.) hellichi (accession number: 
JF803913.1), a 2% divergence alone is not conclu-
sive for designating a new species. It could represent 
a distinct haplotype within a species, a cryptic spe-
cies in early divergence, or, less commonly, a truly 
distinct species depending on the lineage and locus. 
Stronger inference requires additional loci, broader 
sampling and integrative evidence. 

This study is the first report of the existence of 
R. (Rhabdochona) hellichi in the mentioned cyprinid 
fish with different frequency in Iran by molecular 
identification. However, to detect different life-cycle 
stages of this parasite, extensive studies are needed. 
Among the most important issues requiring exten-
sive research are species-specific detection, identi-
fication of the intermediate and definitive hosts in 
the parasite’s life cycle, abundance, geographical 
distribution, pathogenicity and strategies for control 
and prevention.
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