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Abstract: Farming Chinese perch in aquaculture systems with artificial diets is a new method and
developing trend. This method of raising Chinese perch has led to outbreaks of new diseases. In 2022,
a disease outbreak occurred among farmed Chinese perch fed an artificial diet in Jiangxi Province,
China, during which 50% of the fish died. The clinical signs exhibited by the diseased Chinese perch
included decreased physical vitality, anorexia, emaciation, and dorsal fin ulceration with white cysts
and flocs. Coinfection with ciliate parasites and an oomycete was found. No pathogenic bacteria were
isolated from the microbial test, and the viral detection results were negative. After morphological
and 18S or 28S rDNA sequence clustering analysis, the parasites were identified as Epistylis wuhanensis
and Zoothamnium sp., while the oomycete was identified as Achlya klebsiana. This article discusses the
interaction between parasitic and oomycete coinfections in Chinese perch from the perspective of the
characteristics of Chinese perch raised with an artificial diet. The relationships between parasites,
oomycete, and fish were also briefly discussed. This is the first report of the coinfection of Chinese
perch with Epistylis wuhanensis, Zoothamnium sp. and Achlya klebsiana.

Keywords: Chinese perch; coinfections; Epistylis wuhanensis; Zoothamnium sp.; Achlya klebsiana
Key Contribution: In this study, the causes of severe disease in Chinese perch raised with artificial

feed in aquaculture systems were investigated and analysed. Prevention and control methods
are proposed.

1. Introduction

The Chinese perch (Siniperca chuatsi) is a rare freshwater fish in China. Its meat, without
intermuscular spines, is delicious; therefore, it is very popular among consumers. Chinese
perch farming yields large monetary benefits. In recent years, the market price has remained
at more than USD 14 per kilogram, while that of grass carp (Ctenopharyngodon idella), the
most farmed freshwater fish in China, is less than USD 2 per kilogram [1]. Chinese
perch are widely farmed in the eastern and southern regions of China, with a production
of 401,500 tons in 2022, accounting for 1.48% of freshwater farming [2]. In the wild,
Chinese perch feed on live fry throughout their lives [3]. The traditional aquaculture
of Chinese perch in China primarily involves pond farming, which typically relies on
capturing rough fish from natural waters or artificially rearing prey fish such as mud
carp (Cirrhinus molitorella). In the eastern region, fishing for rough fish remains a key
component of Chinese perch farming. However, due to China’s ban on fishing in natural
waters, this practice has become unfeasible. Alternatively, mud carp have been specifically
cultivated as prey fish in southern China. Nevertheless, the high costs associated with this
method limit its widespread adoption. Additionally, feeding live fish bait increases the
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risk of outbreaks of infectious diseases caused by bacterial and viral pathogens owing to
horizontal transmission [4].

The use of an artificial diet for Chinese perch farming differs significantly from tra-
ditional methods utilizing live fish bait. This type of farming requires cement ponds or
small water bodies with enclosed fisheries, ensuring that the farmed Chinese perch do not
come into contact with external fish. This setup significantly reduces the risk of infectious
diseases (bacterial or viral) under strict quarantine and prevention measures. Consequently,
farming Chinese perch using an artificial diet has become a viable solution to the challenges
associated with live fish feeding and has been implemented in several aquaculture farms
in Chinese provinces, including Jiangxi, Hubei, and Guangdong [3,5]. However, a critical
issue with this farming method is that the technology for the domestication of Chinese
perch to eat artificial diet is not yet mature. If the domestication process fails, the Chinese
perch will refuse to eat the artificial diet. Furthermore, this farming method generally
employs nutrient-poor water with high stocking density [6,7], which makes the breeding of
Chinese perch highly susceptible to outbreaks of new diseases. For instance, high mortality
rates were observed in an aquaculture facility in Jiangxi Province, China that utilized an
artificial diet. Therefore, our study investigated the cause of the disease-related mortalities.
We provided morphological descriptions of parasites and oomycetes, conducted molecular
identification, and analysed sections of Chinese perch gastrointestinal tissues and parasites.
These findings serve as a reference for disease prevention and control measures in Chinese
perch farms that utilize artificial diets.

2. Materials and Methods
2.1. Diseased Fish

In 2022, a disease broke out among farmed Chinese perch in cement ponds in Ji’an
city, Jiangxi Province. The farmers reported purchasing Chinese perch fry measuring
80-100 mm and carrying out farming in September. After two weeks of farming, they
noticed fish exhibiting clinical signs of illness, characterized by the appearance of white
spots on their dorsal fins. After 2 months, the disease became more severe and led to 50%
mortality. The farmers sought assistance and an investigation was promptly conducted.
The size of the cement pond was 100 m?, the water depth was 1.5 m, and the top of the pond
was covered with shade sheds. About 3000 Chinese perch were reared in the cement pond
with a commercial artificial diet (Jiangmen Yuewang Agricultural Technology Co., Ltd.,
Jiangmen, China) within shelf life. The aquaculture water source originated from upstream
reservoirs, and the aquaculture water quality was clean. This water microflowed at a
rate of 0.87 L/s. Upon examination, it was discovered that almost 80% of the remaining
fish in the cement pond exhibited clinical signs, including decreased physical vitality,
anorexia, emaciation, and dorsal fin ulceration with white cysts and flocs. A total of 20 fish
(120-140 mm) with clinical signs which were assessed by visual examination were collected
in a barrel with 100 L of pond water and sent to the laboratory for further photography
and parasite and bacterial isolation and identification. Compressed air was pumped into
the water using a battery-operated air pump, and the water temperature was maintained
at approximately 17 °C during transportation. Transportation lasted for two hours.

2.2. Parasite and Pathogen Collection

A scalpel was used to scrape mucus from the skin (pectoral fin to caudal), fins, mouth,
eyes, and gill tips for examination under a microscope. Cysts were observed on dorsal fins
and tissue at cyst sites on the Chinese perch dorsal fins was obtained with scissors, placed
in a flat dish containing deionized water, and observed under a dissecting microscope
(Jiangnan SZ6100, Nanjing, China). Parasites were gently removed from the dorsal fins
with a micropipette and transferred to another clean flat dish. Parasites were washed with
deionized water by a micropipette, fin tissue debris was removed, and a portion of the
parasite body was placed in a 1.5 mL sterile centrifuge tube, washed with 100 mL deionized
water, and centrifuged (4000 r/min), and the supernatant was removed. The parasites were
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fixed with absolute alcohol and stored at —20 °C for future DNA extraction. The remaining
parasites were transferred to the centre of a slide, to which 20 uL of deionized water was
added. A small amount of Vaseline was smeared on the four corners of the cover slide, the
parasite was gently covered, the four corners were gently pressed with forceps, and the
slide was placed under an Olympus microscope (40-200 times) for observation and imaging.
Parasite identification and measurement data are presented as the mean =+ standard devia-
tion. The Chinese perch were euthanized by the rapid cooling method [8] and dissected by
a ventral approach, and bacteria were isolated using inoculation loops to harvest tissue
samples from liver and kidney tissue plated on nutrient medium plates (10 g/L peptone,
3 g/L beef extract, 5 g/L NaCl, Beijing Land Bridge Technology, Beijing, China) cultivated
at 28 °C for 24 h.

2.3. Oomycete Isolation and Purification

Sterile forceps were used to obtain mycelium from Chinese perch and placed on a
potato dextrose agar medium plate (Hope Bio-Technology, Qingdao, China) containing
ampicillin. The plates were incubated at a constant temperature of 20 °C for 48 h. A few
mycelia were harvested from the plate and placed in potato dextrose water medium (Hope
Bio-Technology, Qingdao, China). The cultures were incubated at a constant temperature
of 20 °C for 24 h. A small amount of liquid culture suspension was placed on the centre of a
slide under a microscope (100 times) for observation and imaging. One hundred microlitres
of suspension was aspirated, placed on a potato dextrose agar medium plate, smeared
evenly, and incubated at a constant temperature of 20 °C for 48 h. After the oomycete had
grown into a single colony, a sterile scalpel was used to cut a single-colony agar block,
which was subsequently placed on a potato glucose agar medium plate for purification and
cultivation. The cultivation was carried out at 20 °C for 48 h, after which the agar blocks
were stored at 4 °C for later use.

2.4. Histopathology

The dorsal fins with white cysts, stomach, intestines, liver, spleen, kidney, heart, brain,
and gills of the euthanized Chinese perch were each sliced into small fragments (approxi-
mately 10 mm in length). These samples were then treated with a 4% paraformaldehyde
solution at 4 °C for 24 h. To serve as a control group, tissues from three healthy Chinese
perches provided by the Jiangxi Provincial Fisheries Research Institute were extracted using
the same method and tissue types as those of the euthanized fish. Dehydration, embedding,
sectioning, and haematoxylin—eosin (H&E) staining were performed using conventional
methods. Then, the samples were observed and photographed for parasite detection and
description under a microscope (100-200 times).

2.5. DNA Extraction and Viral Detction

Parasites were preserved in absolute alcohol and collected by centrifugation for
5 min (4000 r/min), and the supernatant was removed. A Takara Universal Genomic
DNA Extraction Kit (Takara Biotechnology (Dalian) Co., Ltd., Dalian, China) was used to
extract the parasites, oomycetes, liver, and spleen tissue DNA following the manufacturer’s
instructions. The protease digestion time was extended until the liquid was clear. To
extract oomycete DNA, sterile forceps were used to obtain a few purified and cultured
oomycete mycelia, which were placed in a centrifuge tube. Sterile scissors were used
to cut the mycelia as much as possible. For lysis, proteinase K and RNase were added,
and the oomycete was lysed in a 56 °C water bath. The lysis time was appropriately ex-
tended until the liquid became clear. Liver and spleen tissue RNA were extracted using the
TaKaRa MiniBEST Universal RNA Extraction Kit (Takara Biotechnology (Dalian) Co., Ltd.).
The common viral pathogens prevalent in Chinese perch, including iridovirus, infectious
spleen and kidney necrosis virus, and rhabdovirus [9,10], were detected via commercial kit
methods (DHelix, Guangzhou, China). Chinese perch liver and spleen tissue DNA were
used for the purpose of detecting iridovirus and infectious spleen and kidney necrosis
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virus, and the RNA were required for the detection of rhabdovirus. The detection of these
viruses was conducted using a fluorescence quantitative PCR instrument (Mastercler Ep
realplex4S, Eppendorf, Hamburg, Germany) according to the kit’s instructions (DHelix,
Guangzhou, China).

2.6. Cluster Analysis

For parasite 185 rDNA detection and sequencing, partial SSU rDNA sequences and all
ITS1-5.85-ITS2 regions were amplified using the ITSF/ITSR primer set [11]. The C1/D1
primer set [12] was used to amplify the oomycete 285 LSU rDNA. The primers used were
synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). The primer sequences and
amplification conditions are shown in Table 1.

Table 1. Primers used for molecular characterization.

Annealing Amplicon

. . o . / /
Prime Protein or Virulent Factors Primer Sequence (5’ to 3') Temperature (°C) Size (bp) Reference
5.85 ribosomal RNA gene, F.-GTAGGTGAACCTGCGGAAG
ITS and internal transcribed GATCATTA 50 500 [11]
€ serbe RTACTGATATGCTTAAGTTCA
GCGG
C1/D1 28S large subunit ribosomal F:ACCCGCTGATTTAAGCAT 59 600 [12]

RNA gene R:TCCGTGTTTCAAGACGG

The polymerase chain reaction (PCR) mixture (25 puL) was composed of 12.5 pL of
2x Dream Taq Green PCR MasterMix (Thermo Scientific, Waltham, MA, USA), 1 uL of
forward primer (10 uM), 1 uL of reverse primer (10 uM), 1 uL of template DNA, and ddH,O
(up to 25 puL). The PCR was conducted by a Mastercycler Nexus (Eppendorf, Germany) with
cycle conditions as follows: predenaturation at 94 °C for 5 min; 35 cycles of amplification
(94 °C for 45 s, suitable annealing temperatures for different primers at 50 °C or 59 °C for
30s, and 72 °C for 30 s); and extension at 72 °C for 7 min [11,12].

After PCR amplification, the products were assessed via 1.5% agarose gel electrophore-
sis. If a target band was visible, the band was purified using the Rapid Agarose Gel
DNA Recovery Kit [Takara Biotechnology (Dalian) Co., Ltd.]. The purified product was
subsequently sent to Sangon Biotech Co., Ltd. (Shanghai, China) for sequencing, and the
sequencing results were spliced and corrected via SeqMan software in the Lasergene v.7.1
(Madison, WI, USA) software package. BLAST was subsequently used to compare the
sequences with those in the GenBank database, and sequences with a similarity greater
than 97% were downloaded. MUSCLE comparisons within MEGA-X and phylogeny were
performed to construct neighbour-joining clusters.

3. Results
3.1. Clinical Signs of Diseased Fish

In the affected cement pond, the average water temperature was 17 °C, the water
pH was 6.3~7.2, the ammonia nitrogen concentration was 0.093 mg/L, the dissolved
oxygen content was 5.4 mg/L, and the transparency was 1.5 m. The 20 collected fish were
emaciated, appeared weak, and had white cysts and cotton-like masses on their dorsal fins
(Figure 1A,C). Eight out of twenty fish exhibited collapsed eyeballs (Figure 1B). During
the anatomical examination, there were no observable lesions in the internal organs, such
as the liver, spleen, and kidneys. However, there was a notable absence of food in the
stomach and intestines (Figure 1D). Additionally, no dominant bacteria were detected
through microbiological analysis. The viral detection results were negative.
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Figure 1. Clinical signs of infected Chinese perch. (A) Coinfected with oomycete and parasite, the
arrow shows the flocs and the cyst formed by parasite infection. (B) Arrows indicate eye lesions,
rupture of the eyeball, and collapse of the eye socket. (C) The dorsal fin of Chinese perch with white
cysts (arrow); the clinical signs of flocs were difficult to detect with the naked eye after removing
from the water. (D) Anatomical observation showed no obvious pathological changes in the liver
(1), kidney (k), swim bladder (b), and pyloric caecum (p) of Chinese perch. The arrow indicates the
absence of food in the gastrointestinal tract.

3.2. Parasite Morphology

No parasites were found on the gills, mouth, skin, or internal organs of the Chinese
perch, but there were parasites on the fish with dorsal fins with white cysts and collapsed
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eye sockets. Upon microscopic examination, we discovered that all 20 of the collected fish
exhibited coinfections of parasites and an oomycete, and the oomycete hyphae mixed with
parasites and debris (Figure 2A). There were two types of parasites. One was cylindrical,
with an average body length of 254 £ 21.3 um and an average diameter of 52 & 4.6 um
in the extended state. It had a ring-shaped silverline system and two cilia on the oral
disc. The cilia moved rapidly, forming a water flow that automatically flowed into the
parasite’s body to provide nutrients (Supplementary Materials Video S1). The stalk had no
myoneme. Colonies of this type often dichotomously branched with two or more stalks,
contained approximately 20 zooids, and were spherical after contraction. The swimmers
were elliptical; therefore, these parasites were preliminarily identified as belonging to
the genus Epistylis sp., a ciliate protozoan based on their morphological characteristics
(Figure 2) [13]. The body of the second type of parasite was short and thick, with an average
length of 103 & 8.7 um and an average diameter of 85 & 6.8 um, and its stalk had filaments.
It exhibited a Z-shaped contraction and was mushroom-like after contraction. There were
a small number of individuals of this type in the collected fish samples. Therefore, these
parasites were preliminarily identified as Zoothamnium sp., a ciliate protozoan. (Figure 3).
Molecular analysis of the former parasites was also conducted, but molecular analysis
was not conducted on the latter type of parasite because it was difficult to obtain pure
individuals due to the small number of individuals.

Figure 2. The morphology of Epistylis sp. and oomycete in vivo. (A) Coinfection of Epistylis sp. and

oomycete, and oomycete hyphae mixed with parasites and debris; h, hyphae; d, debris. (B) The
colony of Epistylis sp. zooids (100 times); ez, extended zooid; cz, contracted zooid. (C) An individual
of Epistylis sp. zooid; atb, aboral trochal band; sc, scopula. (D) The colony of Epistylis sp. zooids
(200 times); ts, transverse striations; s, stalk. (E) Larva of Epistylis sp. zooid. (F) The mouthparts of
Epistylis sp.; pl, peristomial lip; pd, peristomial disk; rc, rotating cilia; cv, contractile vacuole. Scale
bars: (A) =50 um, (B-F) =25 um.
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Figure 3. The morphology of Zoothamnium sp. in vivo. (A) A colony of Zoothamnium sp. zooids; the
arrow shows Z-shaped contraction. (B) The extended zooids (ez); s, stalk. (C) The contracted zooids
(cz); s, stalk. (D) A Zoothamnium sp. zooid individual; sc, scopula. (E) The stalk of Zoothamnium sp.;
note the stalk (s) with myoneme. (F) The mouthparts of Zoothamnium sp.; ¢, cilia; pl, peristomial lip.
Scale bars: (A,B) = 50 um, (C-F) = 25 um.

3.3. Oomycete Morphology

The oomycete hyphae in the parasitic state were hollow tubular structures, with spo-
rangia arranged at intervals and spherical or pear-shaped egg collectors (Figure 4a). Under
a microscope (100 times), oomycete hyphae were shown to be well developed, radiated
from and diffused around the centre, and exhibited the morphological characteristics of
Achlya (Figure 4b).

Figure 4. The morphology of oomycete in vivo (a) and under microscope (b). O, oogonium;
Z, zoosporangia. Scale bars: 50 um.
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3.4. Tissue Histopathology

No significant pathological changes were observed in the liver, spleen, kidney, heart,
brain, and gill tissues of the diseased fish (Supplementary Materials Figure S1). How-
ever, the infection site of the pathogen and the intestinal and gastric tissues displayed
pathological alterations. Parasites were visible on the surfaces of the fin tissue. At the
site of infection, it was evident that parasites had caused skin lesions (Figure 5A). Simul-
taneously, E. wuhanensis and Zoothamnium sp. could be observed (Figure 5B). The stalk
of Zoothamnium sp. was accompanied by visible filaments. Notably, there were distinct
disparities in the oral disc between the two parasite types. In the infected intestinal tissues
of Chinese perch, the connection between the mucosal layer and the muscular layer con-
nective tissues was loose, with local shedding and villus rupture and shedding (Figure 5D).
The gastric tissue sections revealed a loose connection between the muscular layer and the
submucosa, a disorderly arrangement of gastric epithelial cells, and striated border rupture
(Figure 5F). No pathological changes were observed in the intestinal or gastric tissues of

the normal Chinese perch (Figure 5C,E).
Z0 ,&
& N od

Stea '

L &

4

Figure 5. Histological sections (H & E) of Chinese perch coinfected with parasite and oomycete.
(A) Tissue sections of the infected sites (the dorsal fin of Chinese perch with white cyst); the arrow
shows parasite infection, causing obvious skin lesions (sl) on the hosts; p, parasites; sk, skin. (B) The
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tissue sections of parasites; Ep, Epistylis wuhanensis; Zo, Zoothamnium sp.; st, stalk; od, oral disk.
(C) The intestinal tissue sections of healthy Chinese perch; m, mucosal layer; v, villus. (D) The
intestinal tissue sections of the infected Chinese perch; the mucosal (m) layer and the muscular layer
connective tissues were loose and shedding, while the villus (v) was ruptured and shedding. (E) The
gastric tissue sections of healthy Chinese perch; ml, muscular layer; e, epithelial cells. (F) The gastric
tissue sections of the infected Chinese perch, indicating a loose connection between the muscular
layer (mL) and the submucosa, disorderly arrangement of gastric epithelial (e) cells, and striated
border rupture. The number on the scale bars indicates the length of the scale bars in um.

3.5. Sequence Alignment Analysis

A 317 bp sequence was obtained from the parasite DNA PCR amplification. The sequence
was uploaded to GenBank (GenBank ID: OR141647). BLAST comparison revealed 100%
similarity with the 5.8S ribosomal RNA gene and internal transcribed spacer 2 sequences of
E. wuhanensis. Cluster analysis revealed that it clustered with E. wuhanensis (Figure 6). Based
on morphological characteristics, the parasite was identified as E. wuhanensis. The 28S large
subunit ribosomal RNA gene sequence of the fungus was 627 bp (login number OR141646).
The oomycete sequence was highly similar to that of Achlya klebsiana, with a similarity of
100% to that of AF218191.1 and over 99.38% to that of other A. klebsiana sequences (Figure 7).
Therefore, the oomycete was classified as A. klebsiana.

OR141647
70

70 L E wuhanensis KU869710.1

100

E. wuhanensis LC570273.1

82

E. wuhanensis OP458277.1

Epistylis sp. OP458279.1

Epistylis sp. OP458284.1

Epistylis sp. OP458283.1

95 Epistylis sp. OP458281.1

7 Epistylis sp. OP458286.1

Figure 6. Phylogenetic tree of Epistylis sp. constructed from nuclear 18s rRNA gene sequences
(neighbour-joining method).
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4 Achlya sp. MN401081.1

7 A. americana AF119574.1

3 L———— A caroliniana KP006451.1

A. caroliniana MK818538.1
16

25

A. flagellata KR063221.1

15

A. americana AF235943.1

54

A. caroliniana KX395725.1

69 A. caroliniana AF119575.1

Thraustotheca clavata KX395727.1

73 Thraustotheca terrestris HQ665057.1

56

Thraustotheca clavata AF119620.1

A. bisexualis MH685378.1

82

Isoachlya toruloides AF235947.1

A. orion KT964700.1

OR141646
72

63 A. klebsiana AF119579.1

64 A. Klebsiana AF218191.1

Figure 7. Phylogenetic tree of oomycete constructed from nuclear 28s rRNA gene sequences
(neighbour-joining method).

4. Discussion

Chinese perch are rare freshwater fish in East Asia. They have a unique diet and feed
on live fish bait throughout their life [14]. Traditionally, Chinese perch farming generally
relies on live fish bait. However, the emergence of artificial diet-based farming represents a
significant shift, offering a high-density, intensive method that avoids the use of live bait.
Although this method is still in its infancy, with immature technology for domestication,
it represents a future development trend of the Chinese perch farming industry [3-5].
Nonetheless, a challenge lies ahead in the form of Sessilida ciliate infections, which tend to
spread during intensive culture conditions [13,15,16]. In the present study, Sessilida ciliates
mainly parasitized the dorsal fins of Chinese perch, and generally, they did not directly
cause death but rather allowed secondary oomycete infection. On the other hand, parasites
that infect the eyes could cause ocular damage, potentially having a substantial impact
on the survival of Chinese perch. Fish rely heavily on their eyes or lateral line scales to
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sense prey and facilitate feeding [1]. Eye lesions could interfere with feeding, leading to
hunger and damage to intestinal function. This, in turn, could seriously impede growth
and ultimately result in the indirect death of the fish.

Coinfections in aquaculture are common, and there are multiple forms of coinfec-
tions [17,18]. For example, coinfections with the same type of pathogens include bacterial
coinfections [19], viral coinfections [20], and parasitic coinfections [21]; coinfections with
different types of pathogens include bacterial and viral [22]; parasitic and viral [23]; para-
sitic and bacterial [24]; and fungus and bacterial [25]. Coinfections of bacteria and multiple
viruses in Chinese perch have been reported [10,13]; however, few parasitic coinfections
and oomycete infections have been reported. To our knowledge, our study is the first to
report a coinfection of Chinese perch with the ciliates E. wuhanensis and Zoothamnium sp.,
and the oomycete A. klebsiana.

Ciliates and oomycetes are both serious pathogens in aquaculture, and some of these
pathogens have host specificity [15,16,26-30]. Accurately identifying types of parasites
and oomycetes is important for understanding the pathogenesis, prevention, and control
of diseases [14,26]. Traditional ciliate identification relies on methods such as microscopy
(e.g., silver staining, protein staining, etc.) and analyses of zooid individual size mea-
surements [13,29,31]. This process is tedious and prone to error, and identification is not
always accurate [15]. Generally, identification is only possible at the genus level. The
families Epistylis sp. and Zoothamnium sp. are extremely difficult to distinguish morpholog-
ical types [32-35]. Epistylis sp. and Zoothamnium sp. species share similar morphologies
and live in fixed populations that are connected by stalks between individuals [34]. The
primary distinguishing feature between the two is that the stalks of Epistylis species do
not include traction filaments and are incapable of contraction [35]. On the other hand,
traditional oomycete identification primarily relies on morphological characteristics. This
process can be challenging due to the diverse morphologies of oomycetes and the overlap
in shapes among species [36]. Achieving accurate identification of these pathogens requires
a combination of morphological and molecular biology methods [35,36].

This study identified coinfections of parasites and oomycete in Chinese perch. Draw-
ing upon our observations and literature reports, which indicate that sessilids are harmful
ectoparasites capable of degrading tissue at the attachment site, thus rendering wounds
susceptible to fungal invasion [37,38], we hypothesized the existence of a synergistic rela-
tionship between parasites and oomycetes. Initially, parasites parasitize the dorsal fins of
Chinese perch, causing surface damage (Figure 5A). Subsequently, the oomycete infects
the wounds, during which mycelia grow into the muscles, obtain nutrients, and grow and
reproduce to form mycelium clusters. The feed for Chinese perch is a high-protein diet
rich in organic matter, which is prone to producing residual bait debris during feeding.
As Figure 2A reveals, the oomycete mycelium clusters were accompanied by significant
amounts of debris. This observation hints at the possibility that oomycete mycelium clus-
ters may have retention and adhesion effects on organic debris. Parasites and oomycete
mycelium clusters mix together, forming negative pressure through the high-speed rotation
of cilia in the mouth, absorbing organic debris, obtaining rich nutrients, and reproducing
and growing in large quantities (Supplementary Materials Video S1). In addition, Chi-
nese perch are bottom-dwelling fish and do not like to move; a still-water environment
is conducive to parasite—oomycete interactions. On this basis, we propose the following
prevention and control suggestions for parasitic and oomycete coinfections in Chinese
perch: Firstly, use flowing water aquaculture to increase the water flow velocity. Second,
reduce feeding appropriately to curb the formation of residual bait or promptly remove
residual feed.

5. Conclusions

The findings of our study revealed that coinfections with the ciliates E. wuhanensis and
Zoothamnium sp., along with the oomycete A. klebsiana, resulted in the emergence of diseases
among Chinese perch reared with artificial diets in fisheries within small water bodies.
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To the best of our knowledge, our research presents the first report on the coinfections
of Chinese perch by these ciliates and oomycete. Therefore, it is necessary to prioritize
the prevention of such diseases in the cultivation of Chinese perch to minimize the losses
attributed to coinfections.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/fishes9030097 /s1, Video S1: The living state of the ciliates
E. wuhanensis. Figure S1: Histological sections (H & E) of Chinese perch coinfected with parasites
and oomycete.
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