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Abstract

This study identified the parasitic species in juvenile freshwater finfishes during the fattening stage, from a fish farm
located in the Zona da Mata (MG), southeastern Brazil, and revealed both macro and microscopical lesions in fish
gills. Atotal of 172 juvenile fishes of different species (Oreochromis niloticus, Ictalurus punctatus, Ctenopharyngodon
idella, Cyprinus carpio, Astyanax bimaculatus and Brycon amazonicus) were transported to a laboratory in Sdo Paulo
city. The fish were sedated and then euthanized for parasitological analysis. All fish were infected by at least
one parasite species. Ten different species of parasites were identified: Apiosoma sp., Epistylis sp., Ichthyobodo
sp., trichodinids, Piscinoodinium pillulare, Ichthyophthirius multifiliis, Tetrahymena sp., monogeneans, Centrocestus
formosanus metacercariae, and Dermocystidium sp. The best management practices and lack of sanitary control
were also discussed.
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Resumo

Este trabalho identificou espécies parasitas em peixes de producdo juvenis de dgua doce, durante a fase de
engorda, oriundos de uma piscicultura da Zona da Mata (MG), na regido sudeste do Brasil, além das lesGes de
branquias, causadas tanto macro quanto microscopicamente. Um total de 172 peixes juvenis de diferentes espécies
(Oreochromis niloticus, Ictalurus punctatus, Ctenopharyngodon idella, Cyprinus carpio, Astyanax bimaculatus e Brycon
amazonicus) foram transportados para um laboratério na cidade de Sdo Paulo. Os peixes foram anestesiados
e eutanasiados para analise parasitolégica. Todos os peixes estavam acometidos por pelo menos uma espécie
de parasito. Dez diferentes espécies de parasitos foram identificadas: Apiosoma sp., Epistylis sp., Ichthyobodo sp.,
tricodinideos, Piscinoodinium pillulare, Ichthyophthirius multifiliis, Tetrahymena sp., monogeneas, metacercarias
de Centrocestus formosanus e Dermocystidium sp. As boas praticas de manejo e inadequado controle sanitario
também foram discutidos.
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Parasites in juvenile fish from Minas Gerais

Introduction

Despite capture fisheries production being static since the 1980s, overall fish production has continued to grow
because of aquaculture. In 2016, aquaculture comprised 46.8% of global fish production, producing 80 million
tons worth US$231.6 billion (FAO, 2018). In the same year, Brazil represented the 13" largest aquaculture
producer, with 640,510 tons of fish produced (Baptista et al., 2018; FAO, 2018), and in 2019, the amount increased
to 758,006 tons (Carvalho et al., 2020).

In contrast to other animal protein production activities, aquaculture displays significantly superior growth
both globally and in Brazil (Schulter & Vieira, 2017; FAO, 2018). A factor contributing to this expansion is the
high productivity per hectare (60 times higher than beef cattle production) as a result of intensive aquaculture
system (Schulter & Vieira, 2017). However, some issues emerge easily along with this system, such as appropriate
management, water quality, biosecurity, and disease and parasite control (El-Sayed, 2006).

The intensive system modifies the host-parasite-environment relationship and frequently leads to stressful
conditions, which immunosuppress individuals. Hence, fish become more susceptible to parasitic infections (as a
result of an immunological imbalance) that may cause considerable mortalities, especially if there is a secondary
bacterial or viral infection (Noga, 2010; Jerénimo et al., 2012). Ectoparasite communities such as protozoans,
monogeneans, digenean larvae and crustaceans (Jerobnimo et al., 2015) present in cultured fish in the facilities
could be used as bioindicator of environmental and fish health status (Antonelli et al., 2016; Lacerda et al., 2018)
in order to improve and implement the best management practices.

Knowledge of parasitic infections helps to minimize economic losses and promotes the development and
growth of aquaculture activity. Farms destined to fish production for human consumption have received attention
of Brazilian researchers in the recent years. Farmers faced with these problems should be encouraged to minimize
economic losses in applying the correct fish handling management including the parasitic diagnosis in culture
fish. Thus, the aim of this study was to identify the ectoparasites in different juvenile freshwater finfishes during
fattening, from a fish farm in the Zona da Mata, Minas Gerais State, southeastern Brazil and to verify if there was
adequate water quality and biosecurity practices at the farm.

Material and Methods

Fish and property conditions

From December 2018-May 2019, 172 juvenile fishes of six species were collected from a fish farm in the
Zona da Mata, Minas Gerais, Brazil (the research project was approved by the Animal Use Ethics Committee of
FMVZ-USP 1976201218). The number of fish sampled from each species was 72 Nile tilapia, Oreochromis niloticus
(1.6+2.4gand 4.4+ 1.5cmlong), 23 channel catfish, Ictalurus punctatus (1.1 £ 0.5 gand 5.2 + 0.8 cm long), 22 grass
carp, Ctenopharyngodon idella (1.8 + 1.1 g and 5.2 £ 1.3 cm long), 19 common carp, Cyprinus carpio (0.4 £ 0.6 g
and 2.6 £ 0.4 cm long), 19 two-spot astynax, Astyanax bimaculatus (0.9 £ 0.6 g and 4.0 + 0.7 cm long), and 17 red-
tailed brycon, Brycon amazonicus (1.3 £ 0.5 g and 4.6 £ 0.5 cm long).

Farmer used river nearby for water supply to the ponds (dimensions of 20:10:1 meters) without any treatment,
neither parasite nor water quality measure. Moreover, no mechanical aerators and the eutrophication of the water
were common. Fish were stocked at 3.000 fish/m3, considered a high stocking density. There was not a fallowing
routine before the introduction of new fish populations.

Sample collection

The fish were transported in plastic bags to Sdo Paulo city, southeastern Brazil. Then, they were identified
by species, weight, and total length. The total length is defined as the distance from the mouth to the end of
the tail (Jerénimo et al., 2012). The fish were quickly sedated by adding Eugenol (75 mg L' of eugenol) for 3 min
(Roubach et al., 2005), and euthanized by brain section (Noga, 2010).

Sample analysis

The parasites were identified based on their structure, morphology and movement pattern (Woo, 2006; Zhang
& Wang, 2005; Noga, 2010; Klinger & Floyd, 2013; Martins et al., 2015; Fujimoto et al., 2018; Sumuduni et al., 2018).
Gills identified, under wet mount procedure (described above), with more than forty encapsulated metacercariae
(in C. carpio, I. punctatus and B. amazonicus) were selected, fixed with 10% neutral buffered formalin, and subjected
to histology; samples from animals manifesting cysts were also subjected to histology (Mumford et al., 2007).
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Prevalence, mean intensity and mean abundance were calculated with the data collected, in accordance with
Rézsa et al. (2000).

Water quality and biosecurity practices evaluation

During technical visits at the farm, the water quality and biosecurity practices were verified through the presence
or absence of methods for diseases and parasites prevention (filters, biofilters, and UV radiation devices) staff
routines towards fish care, feeding practices, fallowing and quarantine routines, equipment to control water quality
(mechanical aerators), and water quality testing routines (such as measurement of pH, ammonia and dissolved
oxygen). Besides, it was evaluated whether there was or not contact with wild animals (birds, for example).

Results

Through wet mount observations, it was detected that 100% of the animals were infected by at least one parasite:
1.2% (2/172) of the fish had a parasite only on the skin; 27.33% (47/172) had only on the gills; and 71.5% (123/172)
had parasites on both. The parasites detected were Apiosoma sp. (Figure 1A), Ichthyobodo sp., trichodinids (Figure 1B),
Ichthyophthirius multifiliis (Figure 1C), Piscinoodinium pillulare (Figure 1D), Tetrahymena sp. (Figure 1E), Epistylis sp.
(Figure 1F), monogeneans (Figure 1G), Centrocestus formosanus metacercariae (Figure 1H), and Dermocystidium sp.
(Figure 11). The prevalence, mean intensity, and mean abundance of each parasite on the different species can be
observed in Table 1.

el N B

Figure 1. (A) Apiosoma sp. on a scale from Oreochromis niloticus on a wet mount of the skin (20x magnification); a: a diagram of
Apiosoma (Noga, 2010); (B) wet mount of a Trichodinid parasite on gills from O. niloticus (40x magnification); (C) Ichthyophthirius
multifiliis on a wet mount of skin from C. idella (4x magnification); (D) Piscinoodinium pillulare on a wet mount of gills from Brycon
amazonicus (40x magnification); (E) Tetrahymena sp. on a wet mount of gills from Brycon amazonicus (10x magnification); (F)
Epistylis sp. on a wet mount of skin from Ctenopharyngodon idella (20x magnification); (G) monogenean attached to a gill from
I. punctatus on a wet mount (20x magnification); (H) metacercariae of Centrocestus formosanus on a wet mount of gills from
Cyprinus carpio (20x magnification); (I) cysts of Dermocystidium sp. on skin of Ictalurus punctatus; the parasite can be noticed
inside the cysts (arrows).
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As shownin Table 1, different species were infected by different parasites. Also, the most predominant and with
the highest intensity infections were of C. formosanus and trichodinids. The only species not infected by trichodinids
was A. bimaculatus. Moreover, except for O. niloticus, their intensity was somewhat low in other species. However,
some O. niloticus individuals had over 4,000 parasites (Figure 2B).

Dermocystidium cysts, were found solely on I. punctatus. Histology of these fish showed, between dermis and
epidermis, cysts full of spores and encapsulated by connective tissue. In contrast, C. formosanus metacercariae
were identified in every species analyzed. The number of metacercariae was so high in some animals that the gills
became deeply disfigured (Figure 2C). For example, in a few . punctatus over 1,400 were present. Furthermore,

Table 1. Parasitological indicator of protozoans, metazoans and Dermocystidium sp. from each species analyzed and from fishes
as a whole.

Fish species
Parasites Pl
0. niloticus C. carpio I. punctatus B. amazonicus C.idella  A. bimaculatus All fishes
Api. P 0.24 - - - 0.05 0.1 0.12
Mi 14.47 (1-50) - - - 1.00(1) 1.50(1-2) 12.50(1-50)
MA 342 - - - 0.05 0.16 1.45
Epi. P 0.01 - - - 0.18 - 0.03
Ml 1.00(1) - - - 4.50(1-7) - 3.80(1-7)
MA 0.01 - - - 0.82 - 0.1
Ibd. P 0.07 - - - - 0.16 0.05
Mi 1.60(1-3) - - - - 15.00 (10-20) 6.63(1-20)
MA 0.1 - - - - 237 0.31
Tri. P 0.99 0.74 0.57 0.53 0.50 - 0.69
Ml 543.54(1-4840) 4.64(1-5) 13.85(3-20) 2.67(1-10) 6.73 (1-40) - 329.95 (1-4840)
MA 535.99 342 7.83 1.41 336 - 226.36
Pis. P 0.17 - 035 0.59 0.77 0.74 035
Ml 10.17 (1-82) - 3.38(1-6) 23.70(1-96) 4.94(1-11) 4.14(1-9) 8.66 (1-96)
MA 1.69 - 117 13.94 3.82 3.05 3.07
Ich. P 0.04 - 0.09 0.47 0.45 0.05 0.14
Ml 2.33(1-4) - 1.00(1) 11.13(1-33) 3.60(1-10) 2.00(2) 5.67(1-33)
MA 0.10 - 0.09 5.24 1.64 0.1 0.79
Tet. P 0.01 - 0.22 0.24 - 0.11 0.07
Ml 2.00(2) - 1.40(1-3) 8.50(1-19) - 2.00(2) 3.92(1-19)
MA 0.03 - 0.30 2.00 - 0.21 0.27
Mon. P 0.78 - 0.65 0.24 0.27 0.68 0.55
Ml 6.27 (1-37) - 11.47 (10-20) 7.50 (1-20) 1.50(1-2) 6.92(1-16) 6.94(1-37)
MA 4.88 - 7.48 1.76 0.41 474 3.79
Cen. P 0.17 1.00 1.00 1.00 0.95 0.79 0.62
Ml 2.08(1-4) 250.95(176-384) 530.57 (41-1440) 63.29 (1-400) 93.67 (5-240) 5.73(1-22) 188.08 (1-1440)
MA 0.35 250.95 530.57 63.29 89.41 53 117.01
Der. P - - 035 - - - 0.05
Ml - - 3(1-5) - - - 3(1-5)
MA - - 1.04 - - - 0.14

Api.: Apiosoma sp.; Epi.: Epistylis sp.; Ibd.: Ichthyobodo sp.; Tri.: Trichodinids; Pis.: Piscinoodinium pillulare; Ich.: Ichthyophthirius multifiliis; Tet.: Tetrahymena sp.
Mon.: Monogeneans; Cen.: Centrocestus formosanus; Der.: Dermocystidium sp. Pl: parasitological indices; P: prevalence; MI: mean intensity; MA: mean
abundance; In parentheses: variation amplitude.
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Figure 2. (A) Histology of the gill from Cyprinus carpio stained with hematoxylin and eosin. Notice the cartilaginous capsule
(circles) around Centrocestus formosanus (arrows); (B) Wet mount with a high number of trichodinids on a gill from Oreochromis
niloticus (10x magnification); (C) Wet mount with a great number of metacercariae of Centrocestus formosanus in a gill from
Ictalurus punctatus (4x magnification); the structure of gill filaments is severely damaged; c: normal gill filaments from O. niloticus;
(D) Cyprinus carpio with the opercula flared out and gills visible; (E) Snails discovered in the farm fish; (F) Birds in close contact
with an eutrophicated fish tank.

there was hypertrophy in the gills of these fish, flaring out their opercula (notably in C. carpio) and, consequently,
making the gills visible on a macroscopic level (Figure 2D). Histology of these gills revealed an intense proliferation
of cartilage tissue, forming a cartilaginous capsule around the parasite (Figure 2A). It is important to highlight that,
at the farm, the fish were in close contact with snails and birds (Figures 2E and 2F). The morphology of the snail
shells was indicative of the species Melanoides tuberculatus, which is the intermediate host of this parasite, and
the birds are the definitive hosts.

It was also noticed the farm using a nearby river as water supply without treatment (neither for parasite control
nor for water quality), the absence of mechanical aerators the presence of food on water surface, and presence of
eutrophication [excess of organic matter and algae] (Figure 2F). The fish farm used wheat bran and urea as fertilizers
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to increase plankton and algae populations (which are also nutrition supplies for fish). The water quality control
composed of a monthly pH measurement, and supplementing water with calcium carbonate (CaCO,), when pH
levels were low (three to five supplementations per year). However, there was no evaluation of neither ammonia
nor dissolved oxygen. Before the introduction of new fish populations, a fallowing routine was not implemented.
Besides, the property produced both food and ornamental fish, and management practices were realized by the
same staff members.

Discussion

The protozoans Apiosoma, Epistylis, trichodinids, Ichthyobodo, and Tetrahymena are commonly found in high
stocking densities (El-Sayed, 2006). In our study, of these five protozoans, only one was identified in C. carpio
(trichodinids). In contrast, O. niloticus was infected by all five of them. /. punctatus and B. amazonicus were infected
by trichodinids and Tetrahymena sp.; C. idella by Epistylis sp. and trichodinids; and A. bimaculatus by Apiosoma sp.,
Ichthyobodo sp., and Tetrahymena sp.

Apiosoma, Epistylis, and trichodinids are considered to be commensals, feeding on waterborne particles,
detritus particles, and bacteria (Woo, 2006; Noga, 2010; Martins et al., 2015). Thus, they are good indicators of
poor water quality (indicating abundance of organic particles) and never occur in great numbers on healthy fish.
However, trichodinids are associated with chronic mortality and sometimes provoke significant losses in young
fish (Woo, 2006; Noga, 2010; Maciel et al., 2018). In high numbers, their constant attachment and movement
may evoke severe tissue damage, and open doors to bacterial and fungal infections (El-Sayed, 2006; Woo, 2006;
Maciel et al., 2018). Epistylis is also associated with a bacterial infection known as red-sore disease, which causes
skin ulcers (Woo, 2006; Noga, 2010). Padua et al. (2016) discovered bacterial microbiota associated with the
peduncle of Epistylis sp. in Nile tilapia and hybrid surubim catfish (Pseudoplatystoma reticulatum x P. corruscans),
leading to focal hyperplasia, hydropic degeneration, and multifocal necrosis. With respect to the great number
of tricodinids, our study corroborates other authors’ findings. Ghiraldelli et al. (2006) reported infections with a
mean intensity of 2,155 and a maximum number of 6,258 trichodinids (higher than found through this research),
also in O. niloticus. Valladao et al. (2016) also detected parasitism by trichodinids with other endemic parasites in
O. niloticus, reaching 1,097+1,080.60 trichodinids per fish on skin and 1,132.6 £ 949.7 on gills.

Ichthyobodo is a genus of dinoflagellate protozoans of the skin and gills. Usually, in low numbers, they do not
cause clinical signs, or significant mortalities (Martins et al., 2015; Hereford et al., 2019). They have more importance
to alevins, juvenile fishes, and even to eggs. In adults, Ichthyobodo infection is associated with immunosuppression
and stress. Higher temperatures accelerate their reproduction; thus, heat stress contributes to both stress and
debility, and more Ichthyobodo in water (Woo, 2006; Hereford et al., 2019). There are reports of O. niloticus being
more resistant to these ectoparasites and only being infected in the caudal region (Woo, 2006). In our study, this
parasite was only detected in A. bimaculatus and O. niloticus.

Despite the majority of species from the Tetrahymena genus being free-living protozoans and facultative
parasites, some of them are obligate parasites (Woo, 2006; Noga, 2010). They can infect a broad variety of hosts,
both vertebrate (fish) and invertebrate, such as bivalve mollusks and planarians (Prosser et al., 2018; Rataj &
Vdacny, 2020). They are associated with an excess of organic particles in water (poor water quality) and, when
found in numbers lower than five, are not significant (Klinger & Floyd, 2013). Of all species analyzed in our study,
only B. amazonicus presented numbers higher than five (varying from 1-19). Usually, these parasites reside on
the skin and gills, yet they can penetrate muscles, eyes, nerves, and internal organs (e.g., the brain and kidneys),
leading to severe mortalities. Once installed systemically, there is no treatment (Ferguson et al., 1986; Noga, 2010;
Martins et al., 2015). Even though they are generally correlated with ornamental fishes, they can also infect food
fishes. For example, in northern Brazil, there is a record of them infecting, for the first time, Colossoma macropomum
and tambatinga, hybrids of C. macropomum and Piaractus brachypomus (Grigério, 2013).

Differently from the parasites above, P. pillulare and I. multifiliis (commonly known as ich) have a three-stage
cycle (one on the host and two in the environment): trophont, the adult and parasitic stage (living on the skin and
gills of the host); tomont, the sessile dividing stage; and theront (/. multifiliis) or dinospore (P. pillulare), the mobile
infective stage (Noga, 2010; Martins et al., 2015). Temperature influences their cycle immensely; the higher the
temperature, the faster the cycle. Outbreaks are usually related to high stocking densities or stress. In addition
to thermal stress, other stress factors that may encourage higher numbers of these parasites are low dissolved
oxygen, chemical pollutants, and spawning activities (Woo, 2006; Noga, 2010; Martins et al., 2015; Baia et al., 2019).
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Ichthyophthirius multifiliis is considered one of the most important fish parasites in the world (Martins et al., 2015).
White nodules appear over the skin of fish infected by this ectoparasite; hence, the name given to the infection
(white spot disease). At high infection rates, both parasites provoke skin ulcers, necrosis, and degeneration of gills;
however, lesions caused by P. pillulare are frequently more moderate (El-Sayed, 2006; Noga, 2010; Martins etal., 2015;
Wang et al., 2019). There are two described species of Piscinoodinium: P. pillulare (from Europe) and P. limneticum
(from North America). There are no findings yet of the latter in Brazil (Eiras et al., 2012; Jerdnimo et al., 2015).
Among the species analyzed, the only one not infected by these two protozoans was C. carpio.

Dermocystidium belongs to a unique class of organisms, the Mesomycetozoea, which stands between the
protozoan and metazoan boundary. Despite being classified as protists, they carry features from both Protista and
Fungi kingdoms (Mendoza et al., 2002). Infected fish brandish external cysts (spherical sporangia) on their skin,
gills, eyes, or internal organs (systemic infections are less frequent) (Eiras & Silva-Souza, 2000; Mendoza et al., 2002;
Zhang & Wang, 2005; Mahboub & Shaheen, 2020). Zhang & Wang (2005) reported findings of juvenile fishes being
more susceptible, and a correlation existing between infections of Dermocystidium and thermal stress in Silurus
meridionalis catfish. Mahboub & Shaheen (2020) also reported the highest infection rates in winter, in O. niloticus.
There are only three reports of this parasite in Brazil. The first was in wild catfish (Trichomycterus sp.) (Eiras &
Silva-Souza, 2000), the second was in tambatingas (Fujimoto et al., 2018), and the third in O. niloticus, within the
last year (Steckert et al., 2019). The histologic and clinical signs from I. punctatus analyzed in our study suggest a
Dermocystidium sp. infection. Thus, this is the first article reporting I. punctatus infected with Dermocystidium sp.
in Brazil.

On the contrary, monogeneans (plathelminths) are widely dispersed throughout the country (Kohn & Cohen,
1998). They have high host-specificity and most those whose hosts are fish belong to Dactylogyridae or Gyrodactylidae
families (Woo, 2006; Noga, 2010). There are reports of C. carpio and C. idella suffering infections of many different
species (Woo, 2006). Besides, Benovics et al. (2018) suggested an influence of the geographic distribution range of
host species on monogenean diversity (hosts with wider distributions are exposed to more monogenean species,
and thus, hold more diversity). However, in our study, C. carpio was not infected by monogeneans and the intensity
of C. idella was low. Monogeneans feed on host blood, resulting in a decrease of erythrocytes, hematocrit, and
hemoglobin (Restiannasab et al., 2016). Large numbers of monogeneans do not occur in healthy fish, solely in
immunosuppressed animals. Therefore, an elevated quantity indicates low water quality, poor sanitary conditions,
high stocking density, thermal stress, and an overall stressful environment (Chen et al., 2020), corroborating our
findings at the studied fish farm.

Lastly, C. formosanus, a digenean trematode, is highly important for culture systems in the open air, accessible
to birds and snails. This parasite needs three different hosts to complete its cycle: the snail M. tuberculatus as
first intermediate host (IH); a fish as second IH (the metacercariae stage in gills); and a bird as definitive host (DH)
(the adult stage lives in the intestine). This trematode has host-specificity only for the 15t IH (Scholz & Salgado-
Maldonado, 2000; Noga, 2010). However, it has been reported the snails Semisulcospira libertine (in Taiwan) and
Stenomelania newcombi (in Hawaii) also acting as 15 IH (Chai & Jung, 2017). The DH can sometimes be another fish,
or a mammal (including humans) (De & Le, 2011; Chai et al., 2013; Chai & Jung, 2017). All three hosts (snails, fish,
and birds) were present at the fish farm analyzed, allowing the cycle to be completed. By causing severe damage
to gills, metacercariae may induce significant mortality rates, especially in juvenile fish (Woo, 2006; Noga, 2010).
There is a reactive chondroplasia on the primary lamellae of the gill, which becomes thickened; then, it evolves
into a fusion of filaments and, consequently, into a distortion of gill morphology (Scholz & Salgado-Maldonado,
2000; Woo, 2006; Mumford et al., 2007; Noga, 2010; Sumuduni et al., 2018; Leibowitz et al., 2019). Sometimes, the
hyperplasia also flares out the opercula, and the gill damage may be visible by gross examination (Sumuduni et al.,
2018; Leibowitz et al., 2019). The hypertrophied cartilage forming a cartilaginous capsule around the parasite is
pathognomonic for C. formosanus (Noga, 2010). These descriptions corroborate the macro and microscopic findings
of our study and confirm the C. formosanus infections in all species studied: O. niloticus, C. carpio, I. punctatus,
B. amazonicus, C. idella, and A. bimaculatus.

The fish farmer reported higher mortality of C. carpio some days after their introduction in the tanks, compared
to other species. This could be related to the fact that C. carpio had the most notable flared out opercula. The farmer
also mentioned lower mortality when it was adopted, in some tanks, liming and cleaning practices (removal of water
and organic matter of the bottom). The latter circumstance could suggest this low productivity and high mortality
as a repercussion of inadequacy in proper sanitary management and biosecurity measures.
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Moreover, there are other studies with similar (and higher) intensities and ranges of infection. In Mexico, Scholz &
Salgado-Maldonado (2000) detected several species from different localities with mean intensities close to, or higher
than, 1,000 parasites (one of the species, Gobiomorus maculatus, reached 5,935 metacercariae). M. tuberculatus,
an exotic snail from Asia, was introduced to Brazil in the 1960s (Vaz et al., 1986), and to Minas Gerais in the 1980s
(Carvalho, 1986). However, only in 2010, in Minas Gerais, the snail was identified with cercariae of C. formosanus
(the first report of it in Brazil) (Pinto & Melo, 2010).

It is important to highlight that the fish analyzed in this study would be destined for human consumption,
and that C. formosanus has zoonotic potential. Despite the probability of human infection being small (Scholz &
Salgado-Maldonado, 2000), there are some conditions and factors that could increase these chances. Although
C. formosanus metacercariae are located predominantly in gills, when highly concentrated, they may also settle on
the body, fin, and head regions (Sumuduni et al., 2017). Besides, in Brazil, primarily on the coast and near some
rivers, some small fishes are fried and eaten whole (head and gills, inclusive). The metacercariae could still be
alive if the fish were undercooked (due to inadequate temperature or cooking time). There is little research about
clinical signs and prevalence in humans and the few studies that exist are from Asia. In these studies, patients used
to eat raw or undercooked freshwater fish and were concomitantly infected by more than one trematode. They
expressed epigastric pain, diarrhea, and indigestion; however, these symptoms cannot be correlated solely with
C. formosanus, as patients were also infected with other trematodes (De & Le, 2011; Chai et al., 2013). Therefore,
to prevent human infections, M. tuberculatus snails must be eliminated from fish farms, and fish contact with birds
must be obstructed (Scholz & Salgado-Maldonado, 2000; Woo, 2006; Noga, 2010), condition not adopted by the farm.

To prevent all these parasites, it is important to reduce or eliminate predisposing factors. Stocking density
must be at appropriate levels for each species. Low water-quality is related to low dissolved oxygen levels, excess
of organic particles and ammonia, and misbalanced pH levels. Mechanical aerators, which were nonexistent in
the analyzed farm, add extra dissolved oxygen and maintain it at ideal levels. The excess of organic particles
(eutrophication), detected in the farm, is a consequence of improper feeding, which also leads to misbalanced pH
and ammonia. Thus, good feeding management (proper frequency, quantity, and quality) is crucial for good water
quality (Noga, 2010; Angel et al., 2019), condition not adopted by the farmer, who did not test for water quality;
also, during technical visits of the research, food was observed on the water surface. Although thermal stress
contributes to immunosuppression, temperature control is impractical in large volumes of water (Noga, 2010).
The water supply must be treated (a missing activity in the farm) to control for parasites and water quality before
entering fish tanks. Some treatments include mechanical filters, biofilters, and UV radiation devices (Angel et al.,
2019). Moreover, good biosecurity will reduce the transmission of parasites inside, and between properties. Some
essential biosecurity activities include equipment disinfection, fallowing, quarantine of new animals, antisepsis of
hands from staff members, and control of visiting people and vehicles (Padua et al., 2012; OIE, 2019). A fallowing
routine is essential to discontinue reinfection cycles. It consists of emptying the system of water (when feasible)
and of all animals (including vectors) for a certain period before the introduction of a new fish population. During
the period, the farm must also clear and disinfect the system (OIE, 2019). The encountered conditions at the farm
emphasize a default for water quality and biosecurity (presence of snails and birds, absence of mechanical aerators
and water supply treatment, eutrophication and lack of a fallowing routine), leading to the detected number and
variety of parasites.

Conclusions

Every identified parasite (Apiosoma sp., Ichthyobodo sp., trichodinids, I. multifiliis, P. pillulare, Tetrahymena sp.,
Epistylis sp., monogeneans, C. formosanus, and Dermocystidium sp.) is related to a predisposing factor, such as
stress, low water quality, temperature, life stage, or contact with other animals. In addition, these parasites are
easily avoidable with preventive practices. The parasitic presence in all analyzed fish species was due to a lack of
sanitary control and biosecurity, and an absence of good management practices as a whole at the farm. Signs of
these low water quality and poor biosecurity conditions were detected during technical visits at the farm (no water
supply treatment, lack of a fallowing routine, absence of mechanical aerators and water quality testing routines,
improper feeding, and close contact with birds and snails). Furthermore, there is little research on some of these
parasites and their presence in Brazil, such as Dermocystidium sp. and C. formosanus. More studies are needed
to understand the endemic parasitic fauna of the region and the farms, consequently, have better prevention
methods and an increase in fish farms production and productivity. With regards to C. formosanus, it is necessary
to conduct more epidemiologic studies on human infection in Brazil.
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