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Abstract
Myxozoans can induce losses in production of marine and freshwater fish.
Recently, a new parasitic myxozoan species, Sinuolinea niloticus, was identified
and its importance highlighted. This study aimed to investigate Sinuolinea
niloticus and its macroscopic and microscopic alterations in Nile tilapia
(Oreochromis niloticus) specimens from fish farms in Botucatu, São Paulo,
Brazil, as well as its molecular detection. Thirty tilapias from three different fish
farms were collected and submitted to necropsy examination, where organs were
sampled for histopathological and molecular analysis. The main necroscopic
findings at all three fish farms were hemorrhaging, fin erosion, hepatomegaly,
and splenomegaly. Microscopically, the main findings were degeneration of
hepatocytes and hepatitis, epithelial and goblet cell hyperplasia in the gills,
nephritis, gastritis, and presence of myxozoan-like structures in different organs.
S. niloticus, detected by qPCR, showed a 90% prevalence among surveyed fish at
farm 1 and 100% at farms 2 and 3. The high prevalence found in this study
shows the importance of this myxozoan as a potential pathogenic agent of farmed
O. niloticus that negatively affects fish health and, consequently, production.
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Introduction

Tilapia represents one of the most important and widespread species in worldwide
aquaculture. This scenario is due to its advantageous production characteristics such
as rapid growth, adaptability to the environment, and resistance to stress and diseases
(El-Sayed 2006).

In Brazil, the most cultivated species is the Nile tilapia (Oreochromis niloticus),
which was introduced in 1971 and now it is widespread throughout the country
(IBGE 2017). The last agricultural census showed that there are 110,072 fish farms
in Brazil producing tilapias, of which 2929 of these farms are in São Paulo state and
five in Botucatu city (IBGE 2017). According to the Dellova et al. (2019) Yearbook
of Fish Farming, in 2018, tilapia production grew 11.9% over the previous year,
reaching 400,280 t, which ranked Brazil fourth in world production, behind only
China, Indonesia, and Egypt. Also, according to this publication, the state of São
Paulo was the second producer in the country, with 69,500 t.

Conditions like poor water quality and stress predispose farmed fish to infections
(Martins et al. 1999). As studied by Eiras (1994) and Eiras et al. (2010), some pathogens
can cause high mortality rates in fish. Among these agents, myxozoans are important
cosmopolitan parasites that can lead to serious damage in multiple organs, causing
several lesions which may result in death and substantial economic losses to aquaculture
companies and fisheries (Barassa et al. 2003; Sitjà-Bobadilla 2008; Noga 2010; Okamura
et al. 2015).

Myxozoans are obligatorily histozoic (found in tissues) or coelozoic (found in the coelomic
cavity) parasites, with aquatic annelids being the definitive hosts and fish the intermediate ones
(Lom and Dykova 1992; Noga 2010). The organs affected described are diverse, sometimes
with site tropism, and include fins, gills, gallbladder, urinary bladder, kidneys, and intestines
(Fioravanti et al. 2004; Garner et al. 2008; Shin et al. 2014; Rodrigues et al. 2016).

Among myxozoans, the genus Sinuolinea, comprising approximately 20 species, can
parasitize either marine or freshwater fish and cause injuries or even mortality, depending
on the parasite loads and the immune status of the animals (Davis 1917; Garner et al. 2008;
Rodrigues et al. 2016; Shin et al. 2019). Rodrigues et al. (2016) identified a new species of this
genus (Sinuolinea niloticus) affecting O. niloticus that can lead to production losses, thus
requiring its investigation in aquaculture.

This study aimed to investigate the presence and pathological lesions of S. niloticus
parasites in tilapias from fish farms in Botucatu city, São Paulo state, Brazil.

Material and methods

Sampling

Before the execution of this study, the project was submitted to the Committee for
Ethics in Animal Use of FMVZ – UNESP Botucatu and approved under the number
0096/2019.

For this project, a total of 30 fish (O. niloticus) were caught at three fish farms in Botucatu
city, São Paulo state, Brazil, in April of 2019 (10 animals from each farm). The capture of fish
was performed until 10 fish were obtained, regardless of their appearance (healthy or
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unhealthy), using natural fishing with telescopic rods, hook number 4 without a gaff, and
monofilament line number 0.28, with commercial feed P28. After this procedure, O. niloticus
specimens were transported to the laboratory in a styrofoam box containing recyclable ice in
equal proportions (1 kg of ice to 1 kg of fish) for necropsy and collection of organs for
histopathological and molecular analysis.

The longest time of transportation to the laboratory was 23 min. Fish were alive when they
reached the laboratory. Then, they were euthanized according to the guidelines provided by the
Committee for Ethics in Animal Use of FMVZ – UNESP Botucatu.

Necropsy and histopathology

Necropsy was performed according to Noga (2010). The organs sampled were the eyes, gill,
gonads, gut, heart, kidneys, liver, muscle, spleen, and stomach, for histopathology and
molecular analysis. As described by Bancroft and Gamble (2008), a 1-cm3 fragment of each
tissue was fixed in 10% neutral buffered formalin, followed by processing using standard
histological techniques and stained with hematoxylin and eosin.

Molecular techniques

The organ tissues collected from each fish were pooled, and 20 mg of each sample
was used for molecular analysis. The DNA was extracted using the kit Wizard® SV
Genomic DNA Purification System (Promega Corporation®) according to the manu-
facturer’s instructions. The DNA was eluted in elution buffer (nuclease-free water)
and kept at − 20 °C until use. The purity and quantification of extracted DNA were
measured using a 260/280 absorbance rate in a Nanodrop 2000c (Thermo Fisher
Scientific®). Only DNA with a ratio > 1.7 (260/280 rate) was used in this study.
The O. niloticus samples used as the positive control had been naturally infected by
the myxozoan S. niloticus previously identified by PCR and submitted to GenBank
under the number KR119066 as described by Rodrigues et al. (2016) after sequencing
and phylogeny analysis.

Lesions and structures compatible with myxozoan were observed in the histopa-
thology, and therefore, qPCR (real-time polymerase chain reaction) was performed.
For this, the myxozoan reaction mixture consisted of 10 μL Gotaq qPCR Master Mix
1X (Promega), 300 nM of each primer (Sinuolinea F and Sinuolinea R), 3 μL de
DNA and nuclease-free water to adjust the final volume to 20 μL. Cycling conditions
were performed as described by Rodrigues et al. (2016), i.e., 10 min at 95 °C,
followed by 40 cycles of 15 s at 95 °C and 60 s at 60 °C. The positive result was
confirmed by melting curve analysis compared with the positive control.

Statistical analysis

At each fish farm sampled, the prevalences of macroscopic and microscopic lesions, and
S. niloticus were calculated. The statistical difference of myxozoan positivity was evaluated by
molecular techniques between fish farms using the chi-square test with a 95% confidence
interval. Statistical difference was adopted as p < 0.05. All statistical analyses were performed
in Statistica v. 10 (Stat Soft 2011) and visualized in GraphPad Prism version 5.00 for
Windows, GraphPad Software, San Diego, CA, USA, https://www.graphpad.com.
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Results and discussion

Pathology

Oreochromis niloticus sampled from fish farm 1 presented primary lesions in the skin, spleen,
and liver, while all of them presented hemorrhaging and 80% showed skin erosions of the fins.
Other relevant lesions were hepatomegaly (100%), steatosis (80%), splenomegaly (60%),
congestion and mucus production in the gills (40%), and lamellar fusion (30%).

Tilapias from fish farm 2 presented hemorrhaging in fins (100%), erosion of the fins (90%),
hepatomegaly (80%), splenomegaly (60%), liver pallor (30%), hemorrhaging in the gills
(30%), and lamellar fusion (30%). Specimens at fish farm 3 showed hepatomegaly (100%)
and liver pallor (90%), hemorrhaging and erosion in fins (80% and 90%), splenomegaly
(80%), petechiae on the skin (30%), and whitish areas in the gills (30%) (Table 1 and Fig. 1).

However, Rodrigues et al. (2016) sampled O. niloticus from one fish farm and one river,
and observed lesions dissimilar to our study, except for splenomegaly. The tilapias from fish
farm presented congestion of the spleen, hemorrhaging of the kidney, liquefaction of the
kidney, muscle and the spleen, melanization of the skin, renal hypertrophy, scoliosis, and
splenomegaly. The fish caught from the river presented additional lesions: splenic atrophy,
kidney congestion, skin discoloration, splenic hemorrhaging, hypertrophy of the kidney and
spleen, kidney ischemia, and kidney thinning.

In our study, macroscopic lesions were undetectable in the kidney, probably because of the
short fish length and therefore the size of this organ. Moreover, the steatosis found at fish farms
1 and 3 may be attributable to the diet offered by the farmers.

Furthermore, Garner et al. (2008) described a ventral abdominal purple discoloration and
skin erosions in Phyllopteryx taeniolatus infected with S. phyllopteryx, lesions that were not
observed in our study, and found only in O. niloticus from aquaculture by Rodrigues et al.
(2016). Despite the disparity, the lesions described herein might have been caused by
parasitism, especially in the heart, kidney, liver, spleen, stomach, and gut, organs where
myxozoans were observed.

Table 1 Prevalence of main macroscopic lesions observed in farmed O. niloticus fish infected by S. niloticus

Macroscopic lesions Fish farm 1 Fish farm 2 Fish farm 3

Adherence in celomatic cavity 50% – –
Hemorrhaging in fins/skin 100% 100% 80%
Erosion of the fins 80% 90% 90%
Petechiae on the skin – – 30%
Opacity of the eyes 30% 20% 30%
Congestion of the gills 40% 10% 10%
Hemorrhaging of the gills – 30% 20%
Lamellar fusion 30% 30% 40%
Mucus production of the gills 40% 20% 20%
Whitish areas in the gills 10% 20% 30%
Hepatomegaly 100% 80% 100%
Steatosis 80% – –
Liver pallor 20% 30% 90%
Splenomegaly 60% 60% 60%
Blackened stomach – 40% 100%
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Microscopically, Oreochromis niloticus sampled from fish farm 1 displayed hepatocyte
degeneration (100%), inflammation and hyperplasia in the gills (90% and 60%), inflammatory
process and hemorrhaging in the heart (80% and 70%), congestion, melanomacrophages and
inflammatory process in the liver (50%), myxozoan-like structures placed in the liver (40%),
gills and heart (30%). The lamellae were hemorrhagic and fused (40%).

Tilapias from fish farm 2 presented hyperplasia and inflammatory process in the gills
(90%), heart inflammation, hemorrhage, edema and degeneration (80%, 40%, 30%, and 30%),
hepatocyte degeneration, congestion, inflammation, melanomacrophages, and necrosis (90%,
50%, 30%, 30%, and 50%).

In tilapias from fish farm 3, epithelial and goblet cell hyperplasia were found in the gills
(80%), some of which showed associated inflammatory process (40%). The liver presented
degeneration (100%), hemosiderin (60%), myxozoan-like structures (50%), inflammatory
process (40%), and congestion (30%). Lastly, there was heart degeneration (60%), inflamma-
tory process, and edema (50% each) (Fig. 1 and Table 2).

Histologically, there were myxozoan cysts causing inflammation and tissue injury in the
liver, kidneys, spleen, stomach, gut, and heart, similar to those described by Rodrigues et al.
(2016), that were subsequently all positive in our molecular results, confirming the etiologic
agent. The lesions found may lead to a decreased surface area for oxygen absorption and organ
malfunction, which results in a deficit in productivity, facilitates secondary infections, and may
cause death. Consequently, economic losses are substantially increased.

Severe infections may also result in mechanical damage from the pseudocysts or tissue
necrosis and inflammation, which can lead to production loss or even fish mortality, depending
on the immune response and parasite load (Luque 2004; Rodrigues et al. 2016).

Furthermore, although myxozoan is not considered zoonotic, the injuries caused to the fish
should predispose them to secondary diseases that may be zoonotic, for example, at fish farm
3, where 10% of the animals tested positive for Aeromonas sp. andMycobacterium sp., results
not presented in this manuscript.

Fig. 1 a In situ analysis shows congestion and hemorrhaging of gills (asterisk), hepatomegaly (arrowhead),
whitish areas in the dorsal fin (arrow), and erosion of caudal fin (circle). b Intestine with inflammatory infiltrate
(arrow). c Kidney infected by myxozoan cysts (arrow) and tubular degeneration (asterisk). d Liver infected by
myxozoan cysts (arrowhead), hepatocyte degeneration (asterisk), and inflammatory infiltrate (arrow). e Stomach
with myxozoan cysts (arrow). f Spleen with myxozoan cysts (arrow) and granuloma (asterisk)
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Molecular results

The samples analyzed showed a high prevalence of S. niloticus in tissues of O. niloticus. Fish
sampled from fish farm 1 presented 90% of this parasite versus 100% at farms 2 and 3. Thus, a
product of 150 bp was amplified as expected by primers used for S. niloticus while the
amplification curve and melting analysis compared to positive control demonstrated the
positivity of the samples collected in this study. All positive tests had 100% homology with
Sinuolinea niloticus.

The high prevalence of this myxozoan species in this study (90 to 100%) is similar to the
findings of Rodrigues et al. (2016) in O. niloticus infected with S. noliticus, and similar to
those of El-Matbouli and Hoffmann (1994) studying S. tetraodoni in the pufferfish (Tetraodon
palembangensis) which both showed 100% prevalence.

Therefore, it might be interesting to investigate the predisposing factors for this pathogen in
order to adopt prophylactic measures.

In addition, we investigated known bacteria and microsporidia infecting tilapia because
histopathology showed bacterial colonies. We tested using PCR and qPCR for Aeromonas sp.,
Edwardsiella sp., Francisella sp., Mycobacterium sp., Nucleospora braziliensis, and Strepto-
coccus sp. Only fish farm 3 tested positive for two of these agents, with 10% of the animals
being positive for Aeromonas sp. and Mycobacterium sp., results not presented in this
manuscript.

Finally, we did not test for viral pathogens because we could not afford the extra costs.

Table 2 Prevalence of main microscopic lesions observed in O. niloticus infected by S. niloticus

Microscopic lesions Fish farm 1 Fish farm 2 Fish farm 3

Epithelial/goblet cell hyperplasia in the gills 60% 90% 80%
Inflammation in the gills 90% 90% 40%
Enteritis 40% 50% 50%
Myxozoan-like structures in the gut 30% 20% 30%
Cardiac inflammation 80% 80% 50%
Cardiac degeneration 100% 30% 60%
Cardiac hemorrhaging 70% 40% –
Cardiac edema 20% 30% 50%
Myxozoan-like structures in the heart 30% – 20%
Renal hemorrhaging 30% 80% 10%
Nephritis 50% 90% 70%
Renal melanomacrophages 20% 50% 60%
Renal necrosis 100% 80% –
Tubular degeneration of the kidney 40% 70% 50%
Myxozoan-like structures in the kidney 100% – 30%
Liver congestion 50% 50% 30%
Hepatocyte degeneration 100% 90% 100%
Hemosiderin in the liver 100% 20% 60%
Hepatitis 50% 30% 40%
Melanomacrophages in the liver 40% 30% –
Liver necrosis 20% 50% –
Myxozoan-like structures in the liver 40% 100% 50%
Melanomacrophages depletion in the spleen 20% 50% 40%
Myxozoan-like structures in the spleen 50% 40% 50%
Gastritis 90% 70% 60%
Myxozoan-like structures in the stomach 20% – 50%
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Conclusion

The high prevalence of S. niloticus at the fish farms investigated in this study and the lesions
found corroborate the importance of S. niloticus as a pathogenic agent of Nile tilapia
(O. niloticus) that causes injuries and can negatively affect fish health and, consequently,
production.
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