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Renal myxoboliosis of Metynnis hypsauchen in the Brazilian Amazon: morphological and histopathological aspects
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Abstract:
							                           
In their natural habitat, fish are constantly threatened by icthyoparasites, notably those from the Phylum Cnidaria, Hatschek, 1888, represented by species of the Myxozoa, responsible for infections in fish that cause complications to their health that can lead to death. Among these parasites, the genus Myxobolus Butschli, 1882 is responsible for the largest number of infections described in fishes from the Americas. This study describes the morphological and histopathological aspects of parasitism by Myxobolus sp. in specimens of Metynnis hypsauchen, obtained from the Capim river, in the municipality of Ipixuna do Pará, Pará, Brazil. During the months of August and March, 2018, 20 animals were captured, euthanized and autopsied. With the aid of a stereomicroscope an external and internal investigation was performed on the animals for the purpose of finding lesions or parasitic cysts, followed by confirmation of infection in Light Microscopy (ML). Cysts and Fragments from parasitized tissues were processed using techniques for histology and Scanning Electron Microscopy (SEM). For histology they were stained with Hematoxylin-Eosin (H-E) and Ziehl-Neelsen and for SEM Micrographs were captured, using equipment from the Museu Paraense Emílio Goeldi. The prevalence of parasitism was 60% (12/20) of the specimens, and the cysts were in the epithelium and lumen of the renal tubules, causing histopathological changes. The characteristics of the parasite spores are those associated with the genus Myxobolus, with an ellipsoid format, two polar capsules and a sporoplasm region. It was possible to confirm a high parasite load of Myxobolus, with compromised renal functions. This study is the first to describe Myxospore in Metynnis hypsauchen.
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Introduction

The Capim River, located in the municipality of Ipixuna do Pará in the Brazilian Amazon, has an extension of about 600 km of areas. Metynnis hypsauchen Müller & Troschel, 1844, Serrasalmidae, popularly known in the Amazon region as “white pacu”, is one of the species that integrates local diversity (Montag, Freitas, Wosiacki, & Barthem, 2008; Garavello & Oliveira, 2014). It is sold in some locations as an ornamental fish (Sánchez Riveiro, García Vásquez, Vásquez Bardales, & Alcántara Bocanegra, 2011). It belongs to the most diverse genus in the family, with 15 species (Boyle & Herrel, 2018; Ota, Daniel, & Jégu, 2016).

The Myxozoa, belonging to the Phylum Cnidaria, Hatschek 1888, are made up of parasitic spores that infect vertebrates and invertebrates (Békési, Székely, & Molnár, 2002; Okamura, Gruhl, & Bartholomew, 2015; Foox & Siddall, 2015). There are approximately 2,600 species described (Okamura, Hartigan, & Naldoni, 2018). This diversity is attributed to the use of fish as intermediate hosts (Holzer et al., 2018). They are found in practically all organs, such as: gills, scales, fins, gallbladder and other vital organs (Lom & Dyková, 2006; Gupta & Kaur, 2017).

Myxobolidae family is the most frequent Myxozoan group found in fish in the Americas (Vidal, Iannacone, Whipps, & Luque, 2017) of which the genus Myxobolus Butschli, 1882 is the largest, with more than 905 species (Eiras, Zhang, & Molnár, 2014; Eiras, Molnár, & Lu, 2005) of which 4 have been described in Brazil, mainly in the Amazon region (Vidal et al., 2017). They have ellipsoid-shaped spores, with two polar pyriform capsules and a binucleated sporoplasm (Lom & Dyková, 2006). Fish are their main vertebrate hosts, but they have also been reported in amphibians and reptiles (Eiras et al., 2005; Eiras et al., 2014). "Whirling disease" is the best known disease, caused by Myxobolus cerebralis, resulting from a disoriented ear capsule infectionin which the fish chases its own tail in circular movements, as the result of infection in the auditory capsule that leaves it disoriented (Lom & Dyková, 2006; Hoffman, 1990; Faruk, 2018).

This study describes parasitism by Myxobolus with a morphological and histopathological description in the teleost fish Metynnis hypsauchen collected from the Capim river when it passes through the municipality of Ipixuna do Pará.




Material and methods


Fish and sample collection

During the months of August 2018 and March 2019, 20 specimens of Metynnis hypsauchen fish were acquired. With the help of fishing gear, they were captured and transported alive in plastic bags with water from their habitat and artificial aeration to the Laboratório de Pesquisa Carlos Azevedo, at the Universidade Federal Rural da Amazônia, in Belém, Pará, Brazil (License from SISBIO / ICMBio 62276-1).

The animals were anesthetized with tricaine (MS-222) at a concentration of 50 mg L-1 and then autopsied (License from Animal Use Ethics Committee nº 011/2014) to search for parasites. A stereomicroscope was used, to observe lesions and/or cysts of parasites on the integumentary surface and internal organs. In tissues and organs with probable presence of parasites, small fragments were removed for slide assembly with the addition of a drop of water and observation under a light microscope and with a Differential Interference Contrast Microscope (DIC) (Nomarski) for confirmation.




Morphometric Analysis

Morphometric data in micrometers (µm), were obtained from mature and fresh spores (mean, standard deviation range in parentheses). According to recommendations from Lom and Arthur (1989) the following variables were analyzed: Length of spores (LS), width of spores (WS), length of polar capsule (PCL) and width of polar capsule (PCW). Findings were compared with those from specimens of Myxobolus sp. described in other studies, using Principal Component Analysis (PCA) and the hierarchical method UPGMA, employing the PAST 3.0 software (Hammer, Harper, & Ryan, 2001).




Histology

Histological processing began by removing parasitized kidney fragments that were fixed in Davidson solution (95% alcohol, formaldehyde, acetic acid and distilled water) for 24 hours and dehydrated in progressive alcohol concentration, then paraffinized and microtomized with 0.5 μm thick sections and finally stained with Hematoxylin-Eosin and Ziehl-Neelsen (Luna, 1968).




Scanning Electron Microscopy

For analysis with Scanning Electron Microscopy (SEM), the parasitized kidney fragments were fixed in glutaraldehyde 5%, buffered with sodium cacodylate with Ph 7.2 for 12 hours at 4ºC. Next, the samples were washed in the same buffering solution and fixed in OsO4 at 2%, and buffered for 3 hours without temperature change. Later on, they were desiccated in an increasing propylene oxide series and dried to the critical point, metallized with a thin layer of gold and photographed with a Tescan Mira3 scanning electron microscope, with an FEG electron gun (field emission gun), located at the Centro de Microscopia do Museu Paraense Emílio Goeldi in Belém, PA.






Results


Light microscopy and ultrastructure

In the evaluation using light microscopy, 60% (12/20) of the specimens autopsied presented infection in the kidneys from Myxobolus sp. The spores were located in the renal tubules (Figures 1a-1b). They had an elliptical format, measuring 12.3-12.7 (12.5±0.3) µm length and 7.2-7.5 (7.3±0.2) µm width and containing sporoplasm (Figure 1c). The polar capsules were the same size and elongated, with 6.1-6.3 (6.2±0.2) µm length and 2.79-2.9 (2.8±0.07) µm width. The polar filaments presented 8-10 turns (Figure 2). Observations using scanning electronic microscopy, showed spores with two smooth united valves and the suture line region between the valves (Figures 3a – 3c).

The microcut of the kidneys showed cysts, containing spores of Myxobolus sp., with typical polar capsules (Figure 4f), located in the mucosa and epithelium of the Proximal Convoluted Tubules (PCT) of the nephron, causing deformation and compression of the cuboidal cells of the epithelium, and the lateral displacement of the lumen (Figures 4 a-f). Some free spores were also found in the renal parenchyma (Figure 4 d). In the Hematoxylin-Eosin stain, mononuclear leucocyte infiltrate was noticed close to the infection site and multifocal necrosis (Figures 4a and c). Melanomacrophagic bodies were also visualized in the PCT wall, with a more prominent coloring ( Figure 4b), a typical finding with many infections.
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Figure 1.



Photomicrographs of mature to fresh myxospore of Myxobolus sp. infecting the kidneys of Metynnis hypsauchen. A and B. Observation of cysts (black arrow point) and spores (arrows). C. Spore observed with Microscopy using Differential Interference Contrast (DIC), notably the polar capsules (PC) and sporoplasm region (*). Scale bar= 20µm.


















[image: 187163790024_gf3.png]


Figure 2.



Schematic drawing of mature spores of Myxobolus sp. A. Front view; B. Side view. Scale bar = 5 μm.
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Figure 3.



Scanning electron micrographs of myxospore of Myxobolus sp. infecting the kidneys of Metynnis hypsauchen. A and B. Observation of mature myxospores (white arrow point) and with some myxospores close to erythrocytes (Er). C. The suture line of a mature myxospore is highlighted (S). Scale bar= 5µm.
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Figure 4.



Photomicrographs of tissue sections from the kidney of Metynnis hypsauchen infected by Myxobolus sp., showing longitudinal (A and E) and cross-section cuts (C and D) of proximal convoluted tubules (PCT). A, B and C. Cysts of mature myxospores (C) causing compression and deformation in the cuboid epithelium of the proximal convoluted tubule (PCT). Note the inflammatory mononuclear infiltrate (I) around the infected tubule and the multifocal necrosis area (arrow) and melanomacrophages (MM) close to the infection site. Hematoxylin and Eosin. D and E. Cysts of mature myxospores in the cuboid epithelium of the proximal convoluted tubules (PCT), causing deformation and displacement of the lumen (*) to the side of the tubule. Observation of free myxospores in the renal parenchyma (S). Scale bar= 50µm. F. Detail of the myxospore found in the polar capsules (CP). Scale bar= 10µm.















The morphometric analysis demonstrated that the Myxobolus sp. spore, was significantly different from spores of the majority of the species described at different infection sites, with M. metynnis found in the orbicular tissue of Metynnis argenteus and M. aureus causing liver infection in Salminus brasiliensis, were the closest (Figure 6), in length and width of spore (Table 1). However, it is not possible to assert the similarity with both species, due to the negative relationship in the ordering and Euclidean distance axes (Figures 5 and 6).




Table 1.




Comparison of morphologic data between spores of Myxobolus spp. basead on 20 spores measurements. All measured in micrometers.









	Species
	Spore
	Polar Capsule
	Filament Coils
	Host/Infection Site
	References



	Length
	Width
	Length
	Width



	
Myxobolus
sp.

	12.3-12.7 (12.5±0.3)
	7.2-7.5 (7.3±0.2)
	6.1-6.3 (6.2±0.2)
	2.79-2.9 (2.8±0.07)
	8–10
	
 Metynnis hypsauchen, kidneys 

	Present Study



	
M. maculatus

	21 (19.7–23)
	8.9 (7.9–9.5)
	12.7 (11.8–13.8)
	3.2 (3–3.6)
	14–15
	
 Metynnis maculatus, kidneys 

	
Casal, Matos, & Azevedo (2002)




	
M. serrasalmi

	(14.8±3.1)
	(8.6±3.9)
	(7.7±2.3)
	(3.1±0.9)
	–
	
Serrasalmus rhombeus, kidneys

	
Walliker (1969)




	
M. hilarii

	9.8 – 13.4 (11.5±0.8)
	9.7 – 12.4 (11±0.7)
	6 – 7.2 (6.5±0.4)
	3.6 – 5.3 (4±0.2)
	5–7
	
 Brycon hilarii, kidneys 

	
Capodifoglio, Adriano, Milanin, Silva, & Maia (2016)




	
M. tapajosi

	15 (13.5–17)
	10.7 (9.6–11.4)
	5.8 (4.6–7.1)
	3 (2.3–3.8)
	6–7
	
 Brachyplatystoma rousseauxii, branchial filaments 

	
Zatti et al. (2018)




	
M. aureus

	(12.6±0.5)
	(8.3±0.3)
	(5.7±0.3)
	 (2.9±0.2)
	7–8
	
 Salminus brasiliensis, liver
	
Carriero, Adriano, Silva, Ceccarelli, & Maia (2013)




	
M. brycon 

	6.5–7.2 (6.9±0.6)
	3.9–4.8 (4.2±0.5)
	3.8–4.7 (4.2±0.6)
	 1.7–2.5 (1.9±0.6)
	8–9
	
 Brycon hilarii, gills
	
Azevedo, Casal, Marques, Silva, & Matos (2011)




	
M. piraputangae

	(10.1±0.5)
	    (8.7±0.5)
	(5.2±0.4)
	(3.0±0.3)
	4–5
	
 Brycon hilarii, kidneys
	
Carriero et al. (2013)




	
M. metynnis

	13.1 (12.9–13.5)
	7.8 (7.5–8.3)
	5.2 (5.0–5.5)
	3.2 (3.0–3.6)
	8–9
	
 Metynnis argenteu, orbicular tissue
	
Casal, Matos, & Azevedo (2006)




	
M. marajoensis

	10.9 (10–11.6)
	5.1 (4.2–5.4)
	5.2 (5.3± 0.6)
	1.5 (1.6±0.36)
	–
	
 Rhamdia quelen, Intestine
	
Abrunhosa, Sindeaux-Neto, Santos, Hamoy, & Matos (2017)




	
M. matosi

	9.1–10.8 (9.6±0.4)
	6.5–7.6 (7.0±0.3)
	3.3–5.0 (4.3±0.4)
	1.6–2.2 (1.9±0.1)
	–
	
 Colossoma macropomum, operculum
	
Capodifoglio, Adriano, Silva, & Maia (2019)
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Figure 5.



Principal Component Analysis (PCA). Correlation of morphometric parameters for the species. Length of spore (SL), Width of spore (SW), Length of Polar Capsule (PCL), Width of Polar Capsule (PCW).
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Figure 6



Similarity dendrogram (UPGMA) between spores of Myxobolus spp. 1- Myxobolus sp.; 2- M. maculatus; 3- M. serrasalmi.; 4- M. hilarii; 5- M. metynnis; 6- M. tapajosi; 7- M. matosi; 8- M. aureus; 9- M. marajoensis; 10- M. brycon; 11- M. piraputangae.




















Discussion

In this study, the prevalence of Myxobolus sp. in the renal tubules was 60% (12/20) in Metynnis hypsauchen kidneys. When compared with M. metynnis (Casal et al., 2006), M. tapajosi (Zatti et al., 2018), M. matosi (Capodifoglio et al., 2019) and M. niger (Mathews, Maia, & Adriano, 2016), species described for the north of Brazil, which respectively presented 40%, 23.5%, 20%, and 13.7% of parasite prevalence, the species studied for this paper presented a higher incidence.

The morphometric analysis demonstrated that the Myxobolus sp. spore, was significantly different from that of the majority of the species described at different infection sites, with M. metynnis (Casal et al., 2006) found in the orbicular tissue of Metynnis argenteus and M. aureus (Carriero et al., 2013) causing liver infection in Salminus brasiliensis, were the closest (Figure 6), in length and width of spore (Table 1). However, it is not possible to assert a similarity with both species, due to the negative relationship in the ordering and Euclidean distance axes (Figures 5 and 6).

In terms of histopathological findings, they were similar to those from other studies, in which asynchronous spore development led to the compression and degeneration of the tubular cells, leading to a change in lumen size (Capodifoglio et al., 2016; Casal et al., 2002; Abrunhosa, Sindeaux-Neto, Hamoy, & Matos, 2018). There is also a variation in the degree of pathogenicity; in some cases, there was hyaline degeneration, glomerular congestion, cellular edema and formation of a connective capsule around the spores, as reported in kidney infections in the pacu species Piaractus mesopotamicus (Manrique, Figueiredo, Belo, Martins, & Molnár, 2017; Campos, Moraes, & Moraes, 2008).

In Hematoxylin-eosin, melanomacrophage cells were observed in the wall of the proximal contorted tubule (Figure 3b), indicating an immune response by the host to the parasitic agent (Agius & Roberts, 2003; Yokoyama, Ogawa, & Wakabayashi, 1995). According to Molnár (2007) some species of Myxozoa have a form of infection characterized by the prevalence of several spores, mainly in the kidney interstitium coming from the bloodstream, which are phagocytosed, stored and destroyed by melanomacrophages, and are regularly seen. Myxobolus cyprini, is an example of a species that produces spores in the skeletal muscles and in several organs, and as these mature, they are transported to the kidneys where they are eliminated or are retained to be destroyed by macrophages (Molnar & Gayer, 1985). Manrique et al. (2017) Found Myxobolus spores with structural deformations within the melanomacrophage centers.

This type of infection described is the one most similar to that reported in this paper, although we did not find melanomacrophages phagocyting and destroying the spores, and the morphological comparison did not correspond to other species described in other organs, which made it difficult to determine the site of origin of the spore. Baki et al. (2015) note that this is the main problem found in infections by myxozoans identifying if the kidneys are the original site of infection or merely a storage point for bloodstream-borne spores.

The inflammatory process revealed in this study is attributed to mononucleated cells due to the small number of melanomacrophages, which does not characterize typical acute infections caused by these cells. Necrotic areas also contribute to inflammation; according to Maftuch et al. (2018), they provide the function of increasing the inflammatory response locally and in nearby regions.




Conclusion


Metynnis hypsauchen is an important ornamental fish species sold by several South American countries. Because of that, these histopathological results are important for understanding the effects of parasitism by Myxobolus in the kidneys. We emphasize that this is the first description of Myxosporea in this host.
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