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Abstract

Background and Aim: Parasitic infection commonly affects freshwater ornamental fishes. Parasites in fish may impede
their growth and even cause death, resulting in a decline in fecundity. The prevalence of lernaeosis in aquaculture ponds in
Indonesia requires attention because of missing data, especially from Yogyakarta. Therefore, this study aimed to identify
the Lernaea species found in fish in Indonesia, particularly in Yogyakarta, molecularly and morphologically, as well as an
overview of their distribution and the water condition they inhabit.

Materials and Methods: Lernaea species were collected from three different fish species in two districts of Yogyakarta,
Indonesia, for precise identification. Lernaea specimens were characterized morphologically and subjected to molecular
identification based on /8S rRNA and 28S rRNA genes.

Results: Lernaea in this study was morphologically and genetically confirmed as Lernaea cyprinacea, and the infection rate
in each fish species was different. Water conditions might have contributed to the differences in infection levels.

Conclusion: This study characterized L. cyprinacea isolated from Yogyakarta. Future research should focus on sequencing

as much molecular information as possible and carrying out more experimental infections.

Keywords: /8S rDNA, 28S rDNA, aquaculture, Lernaea cyprinacea, parasite.

Introduction

Infectious disease outbreaks in fish farming are
the most important issue that farmers must manage
to avoid losses [1]. Due to an imbalance between the
environment, host, and pathogenic agents, illnesses
may arise in aquatic organisms, including fish. Stress
may be caused by improper aquaculture management,
making fish susceptible to infection and immunocom-
promised [2, 3]. Parasitic infection is a common ill-
ness affecting freshwater ornamental fishes. Parasites
in fish may impede development and cause death,
resulting in decreased fecundity [4].

Lernaeosis is a fish illness caused by Copepod
ectoparasites of the genus Lernaea [5]. These ectopar-
asites attach to all exterior parts of the fish, including
some internal parts such as the mouth, gills [6, 7], gill
filaments, or even the eyes [8, 9]. Lernaea are usually
associated with significant mortality in aquaculture,
and the effect is quite severe, as fish death may occur in
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massive numbers. Due to the widespread introduction
of tropical fishes such as cyprinids, Lernaea cyprina-
cea has become the most widespread lernaeid [10, 11].
At present, the holdfast of metamorphosed females is
used to identify Lernaea species. Several studies have
shown that the shape of holdfast alters significantly
due to lernaeosis [5]. Consequently, more accurate
approaches have been developed for identification
using DNA sequencing technologies targeting the /8S
rRNA, 285 rRNA, and cytochrome ¢ oxidase subunit 1
gene regions [11, 12].

The occurrence of lernaeosis in aquaculture
ponds in Indonesia requires attention because it causes
a reduction in fish production and quality [9, 13]. This
study aimed to obtain information on Lernaea species
infecting fish in Indonesia, particularly in Yogyakarta.
The morphological and molecular identification stud-
ies were undertaken to determine the taxonomic status
of this parasite in the region and provide an overview
of their range and interaction with the water condi-
tions in which the fish is raised.

Materials and Methods

Ethical approval

This study was approved by the Ethical Clearance
Committee team of the Faculty of Veterinary
Medicine, Universitas Gadjah Mada (letter number
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0074/EC-FKH/Int./2019), and the experiments were
conducted following the ethical principles of the use
and treatment of fish.

Study period and location

The study was conducted from January 2020 to
February 2021. The samples were collected from two
districts, namely Sleman and Bantul, in Yogyakarta
Province, Indonesia. The samples were processed at
the Laboratory of Parasitology, Faculty of Veterinary
Medicine, Universitas Gadjah Mada.

Sampling sites

Fish samples consisting of koi (Cyprinus carpio),
comet (Carassius auratus), and goldfish (C. auratus)
were collected from three different sites across the two
districts. The sites from Sleman, Yogyakarta, were
located at 7° 41° 21’ latitude and 110° 21 4” longitude,
with 10 samples at 7° 48” 42" latitude and 110° 28* 57~
(n=30), and 7° 43’ 46” latitude and 110° 24’ 28” lon-
gitude (n = 20). The location from Bantul, Yogyakarta,
7° 47’ 6’ latitude and 110° 16’ 43” longitude (n = 22),
7° 49’ 47 latitude and 110° 19° 55” (n = 30), and 7° 50°
577 latitude and 110° 22” 53” longitude (n = 25). The
samples were placed in an oxygenated plastic bag and
sent to the Parasitology Laboratory of the Faculty of
Veterinary Medicine at the Universitas Gadjah Mada.

Fish samples were tallied to determine whether
they were positive or negative for Lernaea infection.
The number of Lernaea on each fish was counted in
positive samples to evaluate the degree of infestation.
According to Kriswijayanti et al. [13], the degree of
Lernaea infestation was light if 1-5 Lernaea were
detected on one fish, moderate if 6-10 Lernaea were
found on one fish, and heavy if infected with more
than 10 Lernaea.

Morphological identification

Lernaea were taken from the fish body using
tweezers, rinsed with physiological NaCl, preserved
with lactophenol, and mounted in Canada balsam for
morphological identification [14]. The Lernaea sam-
ples used for molecular identification were preserved
in absolute ethanol. Lernaea were observed in the
holdfast, abdomen, position, and number of legs. The
body and anchor length were measured. Lernaea were
identified using Kabata’s [15]identification key.

Water quality analysis

Pond water quality testing was conducted by an
expert at the Yogyakarta Health Laboratory by col-
lecting one liter of water samples and fish. The water
quality was determined by measuring the biochemi-
cal oxygen demand (BOD), chemical oxygen demand
(COD), hydrogen sulfide, nitrite (NO,), nitrate (NO,),
free ammonia (NH,), and pH. Water samples were col-
lected between November 2020 and January 2021 and
water quality testing was performed on the same day.

Molecular analysis
The genomic DNA of the parasite was extracted
according to the manufacturer’s instructions using a

GeneJET Genomic DNA Purification Kit (Thermo
Scientific®, Vilnus, Lithuania). The following primers
from Song et al. [12] were used: 18SF (5°-AAG GTG
TGM CCT ATC AACT-3’), 18SR (5’-TTA CTT CCT
CTAAAC GCT C-3),28SF (5’-ACAACT GTG ATG
CCC TTA G-3°), and 28SR (5’-TGG TCC GTG TTT
CAA GAC G-3’). Cycle settings for amplified 18S
regions were 94°C for 5 min, followed by 30 cycles of
94°C for 30 s, 54°C for 30 s, and 72°C for 1 min, with a
final extension at 72°C for 5 min [12]. The conditions
for the polymerase chain reaction (PCR) reactions tar-
geting the 28S regions and PCR cycling parameters
were according to Pallavi et al. [16]. The mixtures for
PCR reaction containing 2 UL genomic DNA, 0.6 pL
(0.2 uMol) of each forward primer and reverse primer,
6.8 microliters of ddH,O, and ten microliters of 2 PCR
GoTaq® Green Master Mix (Madison, Wisconsin)
were combined in total 20 uL volume. The amplified
fragments were visualized on 0.8% agarose gel, and
electrophoresis was performed at 100 V for 30 min.

DNA sequencing and phylogenetic analysis

Specific amplified products were delivered to
the Genetika Science Company, in Banten, Indonesia,
for automated sequencing. The sequences were man-
ually reviewed and adjusted for correctness using
BioEdit Software version 7.2.5 [17], freely accessed at
www.mbio.ncsu.edu. Other Lernaea and Lernaeidae
sequences were acquired from GenBank and aligned
using CrustalW in MEGA version 10.2.6 (https://
www.megasoftware.net/).

The Maximum-likelihood method was used to
construct phylogenetic trees of 18S and 28S rRNA
sequences from Lernaea isolates. The bootstrap value
(1000 repetitions) was used to determine the propor-
tion of duplicate trees in which the linked taxa were
grouped. The Kimura 2-parameter approach was used
to determine evolutionary distances [16].

Statistical analysis

A correlation test was used to examine the asso-
ciation between the degree of infestation and the water
quality in each pond. The p-value for each water
quality measurement group was determined using
GraphPad Prism 8 (https://www.graphpad.com/).

Results

Lernaea identification

Lernaea were acquired from two fish spe-
cies in the Cyprinidae family: Koi (C. carpio),
comet fish (C. auratus),and goldfish (C. auratus). Each
fish variety had different infection rates (Table-1). The
prevalence of the parasites was calculated as a per-
centage by dividing the number of fish infected by
the number of fish observed [18, 19]. The number
of Lernaea identified in each fish ranged between 1
and 7, and the amount of infection observed in this
investigation was graded as low, except for comet fish
from Bantul, which was graded as moderate. Based on
their morphology, the Lernaea discovered belonged to
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L. cyprinacea. The parasite was found on the scales
and tail fins of fish, ranging from 10 mm to 13 mm.
Lernaea’s morphology revealed a tiny, semi-spherical
cephalothorax linked to the first swimming limb in the
middle of the holdfast system. The second and fourth
leg segments were in the neck and abdomen, respec-
tively. The body is not segmented. The holdfast is
divided into two branches: Dorsal and ventral. Ventral
branches appeared thinner and unbranched, whereas
dorsal branches contained two further branches.
A 1-2 mm long egg sac was found in the posterior
region of female L. cyprinacea. The morphology con-
cords with the description of L. cyprinacea in the previ-
ous studies [15, 20], which specifies that L. cyprinacea
has a holdfast that branches into two pairs. While the
small holdfast is unbranched and appears shorter,
a larger T-shaped holdfast is installed. According to
Kabata [15], the total length of L. cyprinacea ranges
between 10 and 20 mm. Figure-1 [21] depicts the mor-
phological similarities between L. cyprinacea discov-
ered in this study and those reported in the literature.

Water quality analysis

Water quality was determined based on tem-
perature, pH, dissolved oxygen (DO), NO,, NO,,
and ammonia levels. The data reveal that the tem-
perature of the water pond in this research varied
between 25 and 28.5°C, with a pH of 6.67-8.30, DO
of 5.75-8.67 mg/L, NO, of 0.487-2.748 mg/L, NO, of
2.92-16.06 mg/L, and ammonia of 0.035-0.06 mg/L.
These data show that the water quality in the fishpond
was still within the normal range and could be toler-
ated by the fish and parasites. The correlation analysis
between the prevalence of L. cyprinacea and indica-
tors of water condition showed that only pH was a
significant factor (p = 0.01) that influenced the infes-
tation of L. cyprinacea.

Molecular analysis

We successfully amplified a 1332 bp Lernaea
isolate using the 78S rRNA region by PCR,
whereas the 28S rRNA amplified a 715 bp product
(Figure-2). After the manual removal of /8s rRNA
using BioEdit, the low-quality chromatogram was
deleted. Unfortunately, only one of the two 78S rRNA
sequences showed a good chromatogram. Therefore,
we used only one /8S rRNA sequence for phyloge-
netic analysis. The low-quality chromatogram of 28s
rRNA was manually trimmed and removed. The 18S
and 28S rRNA sequences from the Lernaea isolates
were deposited in GenBank under accession numbers
OP895710, OP902215, and OP902216, respectively.
All sequences retrieved in this study were genetically
similar to L. cyprinacea, as determined by National
Center for Biotechnology Information nucleo-
tide-BLAST (USA) (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) analysis [12].

The maximum-likelihood phylogeny of the 78S
rRNA gene region samples collected in this study
clustered into a single clade with other L. cyprinacea
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Figure-1: Comparison of holdfast morphology in Lernaea
cyprinacea found with literature. L. cyprinacea found in the
study (left). (A) Holdfast, (B) cephalothorax, (C) trunk,
(D) abdomen, and (E) egg sacs. Schematic morphology
of L. cyprinacea (right): ab=Abdomen, as=Anal setae,
ct=Cephalothorax, es=Egg sac, h=Head, pp=Pregenital
prominence, I=Legs, tr=Trunk [21].

Figure-2: Picture of an agarose gel with polymerase chain
reaction results from the 28S ribosomal RNA (18S rRNA)
and 28S rRNA region of isolated Lernaea parasites on
Carassius auratus. (1) 18S rRNA gene from Sleman isolate,
(2) 18S rRNA gene from Bantul isolate, (3) 28S rRNA from
Sleman isolate, and (4) 28S rRNA from Bantul isolate.

collected from different species in many countries
(Figure-3). High levels of genetic similarity were
found in the sequence of the 28S ¥rRNA for L. cyprina-
cea from Yogyakarta and those from other geographic
origins (Figure-4), including India (OMS835790),
Russia (MW423694), Australia (MT371347.1), China
(MH982204.1), and Iran (KM281817.1) with 100%
identity and also 100% identic to the isolate from
Egypt (KX258626.1).

Discussion

Indonesia has a very wide ornamental fish devel-
opment potential, with 400 out of 1100 species of
freshwater ornamental fish marketed internationally;
however, only 90 species can be maintained by the
public. Most ornamental fish cultivation in Yogyakarta
occurs in the Sleman and Bantul districts, where there
are suitable areas for fish ponds [22, 23]. Fish ectopar-
asites are among the most significant issues related to
pond fish culture. Consequently, several parasites are
destructive to farmed fish and have become a species of
interest [24]. Morphological identification of Lernaea
that infects koi, comet, and goldfish in the Bantul and
Sleman areas revealed only one species, L. cyprina-
cea. The parasite is known to infect a variety of fresh-
water fish, primarily those of the Cyprinidae family
[25]. This species has been reported in 30 fish species,
including C. auratus and C. carpio, discussed in this
study [26]. Lernaea cyprinacea was discovered on
the ventral, anal, and caudal fins of several Poecilia
reticulata species in a study conducted in the Kingdom
of Saudi Arabia [27]. At the attachment site, which
appeared red and ulcerated, intense focal inflammation
and hemorrhage were readily visible. The total prev-
alence of infection was 68.1% (32/47). Infection was
more prevalent in females (29/38; 76.3%) than in males
(3/9; 33.3%) [27]. The Lernaea species discovered in
koi, comet, and goldfish in this study were L. cypri-
nacea. In addition to infecting fish of the Cyprinidae
family, L. cyprinacea has been documented to infect
Scleropages jardinii in Indonesia [28]. Lernaea cypri-
nacea can be found in freshwater in Argentina [10], Iraq
[26], Kingdom of Saudi Arabia [27], Indonesia [28],
Europe [29], Africa [30], India [31], Pakistan [32], and
New Mexico and Texas [33]. South-east Asia, espe-
cially Indonesia, offers a tropical environment where
this parasite may thrive. The average body length and
anchor width of L. cyprinacea parasites obtained from
experimental infections were 8.86 + 1.71 and 2.31 +
1.41 mm, respectively [5].

The parameters to assess water quality in the
study were water temperature, pH, DO, NO,, NO,,
NH,, BOD, and COD. These eight factors interact
with one another and affect the survival of fish and
parasites. Water temperature influences fish metab-
olism and immunity; the lower the temperature,
the more sensitive it is to illness [9, 34]. Lernaea
thrives between 26 and 28°C. If temperatures drop
below 20°C, juvenile Lernaea cannot complete
their development, and at 14°C, females are inca-
pable of reproduction [34]. However, adult females
are able to overwinter their fish hosts and pro-
duce eggs when water temperatures rise in spring
[35]. The previous studies conducted by Raissy et
al. [36] and Stavrescu-Bedivan et al. [37] found
that increased water temperature could affect the
prevalence of L. cyprinacea. Freshwater fish pre-
fer a slightly acidic pH range (6.5-6.8 with a pH
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MH982198.1 Lernaea cyprinacea on Squaliobarbus curriculus from China
MH982197.1 Lernaea cyprinacea on Chanodichthys ilishaeformis from China

A Lernaea cyprinacea on Carassius auratus from Yogyakarta, Indonesia
MH982200.1 Lernaea cruciata on Gambusia holbrooki from China

MH982202.1 Lernaea cruciata on Gambusia holbrooki from China

MK336646.1 Lernaea ctenopharyngodontis on Ctenopharyngodon idella from China
MK336657.1 Lernaea polymorpha on Hypophthalmichthys nobilis from China

MK336656.1 Lernaea polymorpha on Hypophthalmichthys nobilis from China
MK336647.1 Lernaea ctenopharyngodontis on Ctenopharyngodon idella from China

—
0.050

MH982199.1 Lernaea cruciata on Gambusia holbrooki from China

OP175994.1 Epistylis wuhanensis on Poecilia reticulata from Iran

Figure-3: Phylogenetic tree generated by maximum-likehood method based on the 18S rRNA. Lernaea sequences obtained
in this study were grouped to Lernaea cyprinacea from several countries.
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Tree scale: 0.01 ————

60 ‘DQ107545.1 Lamproglena chinensis from China’
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'DQ107542.1 Lamproglena orientalis from China’

'DQ107541.1 Lamproglena orientalis from China’

64| 'MK742757.1 Lernaea polymorpha on Hypophthalmichthys molitrix from China’
{ 'MK742762.1 Lernaea polymorpha on Hypophthalmichthys nobilis from China'

'MT371347.1 L. cyprinacea from Australia’

'KX908211.1 L. cyprinacea on Odontesthes bonariensis from Argentina’

'KX258626.1 L. cyprinacea on Carassius auratus from Egypt'

'MH982204.1 L. cyprinacea on Cyprinus carpio from China’

'KM281817.1 L. cyprinacea on cyprinid fish from Iran’

'MW423694.1 L. cyprinacea from Russia'

'‘'OM835790.1 L. cyprinacea on Labeo rohita from India’

‘L. cyprinacea on Cyprinus carpio 2 from Yogyakarta Indonesia'

‘L. cyprinacea on Cyprinus carpio 1 from Yogyakarta Indonesia'

Figure-4: Maximum-likelihood phylogenetic tree constructed using the 28S rRNA. Lernaea sequences in this study were

combined to Lernaea cyprinacea from different nations.

tolerance range of 6.5-9.0, and this study showed
that a higher alkaline pH might increase infestation
of L. cyprinacea.

The most essential element that influences fish
health is the amount of oxygen in water. Temperature
and water salinity considerably affect DO levels;
the greater the temperature and salinity of the water,
the lower the DO levels [2]. Freshwater quality fac-
tors in this range marginally restrict Lernaea growth
and reproduction. The findings of the study revealed
the quality of pond water that fish could still accept.
This situation is consistent with parasite proliferation.
Therefore, Lernaea may still be observed on the fish
body, but with a decreased degree of infection in cer-
tain areas. Water conditions may have affected the het-
erogeneity in the degree of infection. The pH, oxygen,

temperature, and salinity values were within the antic-
ipated range [38, 39]. Along with stocking density,
climatic factors, and environmental conditions play a
significant role in the prevalence of Lernaeid ectopar-
asites at various geographic locations [4].

The 28S rRNA sequences of L. cyprinacea from
Yogyakarta and those from other geographic origins
showed a high genetic similarity. The sequences indi-
cated that the species L. cyprinacea based on the 28S
rRNA gene sequences showed 100% identity between
the specimens, regardless of where they were found
geographically. According to the BLAST result of
18S rRNA and 28S rRNA, we found differences from
the same sample. The 78S rRNA gene was similar
to L. cruciata (MH982203.1) with homology 100%,
while the 28S rRNA gene is similar to L. cyprinacea.
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(OM835790.1) with homology 100%. A more thor-
ough technique based on molecular data is neces-
sary to continue characterizing Lernaea species.
According to Kabata [15], there are approximately 37
distinct Lernaea species. Since molecular biology has
emerged as a valuable integrative tool for morphologi-
cal identification, the number of valid Lernaea species
is projected to decline. According to Hua et al. [5],
the molecular profiles of L. cyprinacea and L. cru-
ciata may be synonymous. The phylogenetic tree of
18S rRNA in our study also showed that L. cyprinacea
and L. cruciata were in the same clade. There might
be limited resources available on GenBank regarding
Lernaea. Hence, the anchor form cannot be relied
upon to distinguish between Lernaea species because
of host-induced morphological diversity. Despite the
advancements in molecular ecology and population
genetics of this parasite in freshwater aquaculture,
many traits are yet to be adequately explored.

Conclusion

Lernaea species in this study were morphologi-
cally and genetically identified as L. cyprinacea. This
study indicated that pond water quality could tolerate
Lernaea infestation and the conditions were favorable
for parasite multiplication. Thus, Lernaea may still be
visible on the body surface of fish, but with a reduced
degree of infection in particular regions.
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