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ARTICLE INFO ABSTRACT

Keywords: The present study describes a new parasite species of the myxozoan genus Ortholinea, based on the interpretation
Urinary system of morphological and molecular parameters. This species was found infecting the urinary bladder of the drift-
Amazon wood catfish Ageneiosus ucayalensis, captured in the region of Santo Ant6nio and Guajara bays, in the Amazonian
II\)/E}:Zzg:y state of Para, Brazil. Plasmodia and myxospores were observed in pairs in the urinary bladder, either floating

freely or adhered to the mucosa. The myxospores are spherical in the frontal view and valvular, with two equal,
sub-spherical polar capsules, oriented divergently, containing 6-7 coils of the polar tubule. Scanning electron
microscopy revealed ridges on the surface of the spore, which confer it with the appearance of a ball of wool,
covering the entire surface of the valve, a slightly undulating suture line, and the presence of discharge pores for
the polar tubule on opposite sides of the suture, that permit the extrusion of the polar tubule. The new species
presents morphological characteristics typical of the genus Ortholinea. In the phylogenetic analysis, Ortholinea
paraensis n. sp. occupied a basal position within a clade of species from the Amazon region. The sum of the
morphological and molecular evidence clearly supports the description of a new species, denominated Ortholinea
paraensis n. sp., which is the first Ortholinea species reported from Brazil.

1. Introduction

The myxozoans are a diverse group of microscopic aquatic parasites
that belong to the phylum Cnidaria. These spore-forming organisms
have a worldwide distribution, and are found in a range of different
organs and tissues, with a complex life cycle alternating between
vertebrate hosts, typically fish from marine, freshwater, and brackish
environments, and invertebrate hosts, such as annelids (Lom and
Dykova, 2006; Fiala et al., 2015; Freeman and Kristmundsson, 2015).

The genus Ortholinea Shulman (1962) includes more than 20

recognized species, most of which have been described from marine fish.
These parasites are predominantly coelozoic, and typically infect the
excretory system of their hosts, being found in the urinary bladder,
kidney, and ureter, and, more rarely in the gallbladder and visceral
peritoneum (Padma Dorothy and Kalavati, 1993; Lom et al., 1992; Lom
and Dykova, 1995; Abdel-Baki et al., 2015; Chandran et al., 2020; Shin
et al., 2023; Okkay et al., 2024; Rangel et al., 2024). Only two species of
Ortholinea have been described from South American hosts — O. lauquen,
recorded in the Common galaxias, Galaxias maculatus, and
O. concentrica, found in the sea bass, Acanthistius patachonicus
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(Alama-Bermejo and Hernandez-Orts, 2018; Alama-Bermejo et al.,
2019) The morphology of these myxospores is spherical to
sub-spherical, with a prominent sutural ridge, two sub-spherical to
pyriform polar capsules, and binucleate sporoplasm (Lom and Dykova,
2006).

Ageneiosus ucayalensis Castelnau, 1855 is a species of catfish, order
Siluriformes, which is widely distributed in the Amazon basin. This fish
is an important subsistence resource for the region’s riverside commu-
nities, although few data have been published on its parasitology (Hahn
et al., 2004; Batista et al., 2012; Sa-Oliveira et al., 2014; Ribeiro et al.,
2017; De Oliveira Ferreira and Tavares-Dias, 2017).

The present study describes a new species of Ortholinea, which was
found infecting the urinary bladder of A. ucayalensis, based on
morphological and molecular analyses. This is the first species of the
genus to be described from Brazil.

2. Materials and methods
2.1. Sample collection

A total of 65 A. ucayalensis specimens were analyzed in the present
study. These fish were captured between October 2023 and May 2024 in
the region of Santo Antonio and Guajard bays (01°15'0" S; 48°30'0" W),
in the southern arm of the estuary of the Amazon River, off the city of
Belém, in the state of Para, Brazil. The fish were frozen in cooler boxes
and transported to the Laboratory of Morpho-Molecular Integration and
Technologies at the Belém campus of the Federal Rural University of
Amazonia (UFRA). All ethical guidelines were followed in this study as
per the UFRA Committee for Ethics in the Experimental Use of Animals,
CEUA-UFRA (no. 8323,110,522, dated May 11th, 2022).

2.2. Morphological analysis

The specimens were necropsied under a light stereomicroscope to
detect lesions, with the organs of the coelomic cavity being dissected in
search of potential focuses of infection by myxozoans. Fragments of the
urinary bladder were removed for examination under a light micro-
scope, to confirm the presence of parasites. The parasites were photo-
graphed using a differential interference contrast (DIC) microscope
attached to an AxiocaCam ERC 5 camera with AxioVision LE software. A
total of 30 fresh myxospores were measured, referring to six fish spec-
imens, with the mean values of each parameter being calculated based
on the guidelines of Lom and Arthur (1989).

For the histological analysis, a urinary bladder was first fixed in
Davidson’s solution (ethanol, formaldehyde, acetic acid, and distilled
water) for 24 hours. The bladder was then dehydrated in a graded
ethanol series, clarified in xylene, and embedded in paraffin. Sections 5
pm thick were excised from the paraffin blocks and stained with Giemsa
for the examination of the tissue structure.

For scanning electron microscopy (SEM), small fragments of para-
sitized tissue were fixed in 5 % glutaraldehyde buffered in sodium
cacodylate (pH 7.2) for 24 h, washed in the same buffer solution for 24
h, and then post-fixed in 2 % osmium tetroxide buffer for 3 h. The
samples were then dehydrated in a graded ethanol series, dried to the
critical point, and metalized. Photomicrographs were obtained at the
scanning electron microscopy Laboratory on the research campus of the
Goeldi Museum in Belém.

2.3. Molecular and phylogenetic analysis

For the molecular analyses, samples of the parasitized tissue were
fixed in absolute alcohol (P.A.) and stored at —4 °C. The DNA of these
samples was extracted using a DNeasy Blood & Tissue kit (Qiagen,
Hilden, Germany), following the manufacturer’s instructions. Immedi-
ately following its extraction, the DNA was processed by Polymerase
Chain Reaction (PCR) to obtain sequences of the small subunit ribosomal
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RNA (SSU rDNA). The samples were first amplified using the primers
Erib 1 and Erib 10 (Barta et al., 1997), followed by a semi-nested PCR
using the primers MyxospecF-ERIB10 and MyxospecR-ERIB1 (Barta
et al., 1997; Fiala, 2006). Both PCRs were run in a final volume of 25 pl,
containing 20 mM of Tris (pH 8.4), 50 mM of KCl, 4 mM of dNTP
(Invitrogen), 2 mM of MgCl,, 5 pmol of each primer and 1.2 units of Taq
DNA polymerase (Invitrogen®), with 5-10 ng of the DNA.

The protocol for the first PCR with the primers Eribl and Erib10
consisted of an initial denaturation at 95 °C for 2 min, followed by 35
cycles at 95 °C for 30 s, 48 °C for 30 s (annealing), and 72 °C for 2 min,
with a final extension at 72 °C for 7 min. The same protocol was followed
in the semi-nested PCR, except for the annealing temperature, which
was increased to 50 °C. The PCR products were stained with 6x Safer dye
(KASVI) and then electrophoresed in 1.5 % agarose gel in TAE buffer.
The PCR products were then purified, and sequenced in an AB 3.500
DNA automatic sequencer (Applied Biosystems ™, Carlsbad, CA, USA),
using a Big Dye Terminator v3.1 cycle sequencing kit (Applied Bio-
systems, USA), in accordance with the manufacturer’s instructions.

The partial SSU rDNA sequences were assembled into a consensus
sequence using Geneious 7.1.3 (Kearse et al., 2012) and then compared
with other myxozoan sequences available in the GenBank database,
which were identified by the Basic Local Alignment Search Tool (BLAST)
for inclusion in this analysis, based on a genetic identity of at least 80 %
with the consensus sequence, occurrence in the same geographic region
and sequences of species used in phylogenetic analyses in the study of
Shin et al. (2023), Alama-Bermejo and Hernandez-Orts (2018). The final
dataset consisted of sequences from 31 species of coelozoic myxozoans
with a mean length of 1800 bp, which were aligned in MUSCLE, with the
ambiguous regions being edited in AliView, version 1.28 (Larsson,
2014).

A Bayesian Inference (BI) was run in MrBayes v. 3.0 (Huelsenbeck
and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) using Markov
Chain Monte Carlo (MCMC) searches, with two independent runs of four
simultaneous algorithms for five million generations. During these runs,
the first 1000 trees being discarded as burn-in, and one tree in every 250
was saved. The GTR+I + G nucleotide substitution model was selected
for the dataset by J-modelTest v. 2.1 (Darriba et al., 2012). The phylo-
genetic tree was visualized in FigTree v.1.4.3 (Rambaut, 2016) and
edited in Inkscape, version 1.2.2. The genetic distances p between se-
quences were estimated using the PAUP* software, 4.0 (Wilgenbusch
and Swofford, 2003).

3. Results
3.1. Description

Plasmodia were observed floating in the contents of the urinary
bladder, which contained numerous refractory granules and developing
myxospores, with peripheral, stereociliary-type projections in parts of
the membrane (Fig. 1A). The myxospores were either floating freely in
pairs or adhered to the mucosa of the organ, and were spherical in the
frontal view and valvular, 11.2 4+ 0.5 ym in length and 11.7 £+ 0.5 pm in
width (Fig. 1B and C). The spores contain two equal-sized, sub-spherical
polar capsules, 5.0 + 0.2 ym in length and 4.5 + 0.4 ym in width, ori-
ented divergently, with a polar tubule that has 6-7 coils (Fig. 1D)
(Table 1). They have a visible suture line and ornamentation (Fig. 1E)
The histological analysis revealed a slight morphological alteration in
the wall of the epithelium at the attachment point of the myxospores,
with cuboid-shaped cells (Fig. 1F).

The scanning electron microscopy highlighted the ridges on the
spore surface, which cover the entire surface of the valve and give it the
appearance of a ball of wool. These ridges are spaced regularly, with
occasional branching, and 7-9 ridges on each valve (Fig. 2A). Two
valves joined by a slightly wavy suture line with polar tubule discharge
pores in each valve located on opposite sides of the suture line, between
the first and second ridges, revealing the extrusion of the polar tubule



C.M.B. Pereira et al. Acta Tropica 266 (2025) 107642

Fig. 1. Ortholinea paraensis n. sp. from urinary bladder of Ageneiosus ucayalensis. A: A plasmodium with peripheral projections (arrowhead), containing refractory
granules (*) and developing myxospores (arrow), scale bar = 20 um; B: Pairs of myxospores floating freely in the urinary bladder (arrowhead), scale bar = 20 um; C:
Pairs of myxospores in the apical view (arrowhead), scale bar = 10 pum; D: Divergent polar capsules, with 6-7 coils of the polar tubule (arrow), scale bar = 10 pym; E:
Suture line (arrow) and ornamentation, scale bar = 10 um; F: Histological section of the urinary bladder of the host, stained with Giemsa, showing a slight alteration
in the mucosa (arrow), associated with the attached myxospores, and the flatter cells (arrowhead) in the rest of the epithelium, without attached myxospores, scale
bar = 30 pm.
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Table 1
Comparison of spore measurements of Ortholinea paraensis n. sp. with the other related species. N: number of polar tubule coils.
Species Host Site of Spore (um) Polar capsule (um) Prevalence  Locality References
infection
Long Wide Long Wide N (%)
Ortholinea paraensisn.  Ageneiosus Urinary 11.2+ 0.5 11.6 +£ 0.5 5.0 +£ 0.2 4.5+ 0.4 6-7  47.0 Brazil This study
sp. ucayalensis bladder (10.8-11.9) (11.1-12.4) (4.7-5.4) (4.0-4.9)
O. hamsiensis Engraulis Urinary 9.1 +£0.25 8.4 +0.33 3.1+0.11 2.7 £0.11 3-4 14 Tiirkiye (Okkay et al.,
encrasicolus bladder (8.8-9.9) (8.2-9.1) (3.0-3.3) (2.6-2.9) 2024)
O. gobiusi Neogobius kidney 8.6 £ 0.15 7.5+ 0.18 2.7 £0.16 2.1 +£0.09 - 4.8 Tiirkiye (Okkay et al.,
melanostomus (8.3-8.8) (7.3-7.9) (2.5-3.3) (2.0-2.3) 2024)
O. nupchi Paralichthys Urinary 7.6 +£ 0.5 7.3+ 0.5 3.1+0.2 21+0.2 3-4  50.0 Republic (Shin et al.,
olivaceus bladder (6.4-9.0) (6.2-8.5) (2.6-3.4) (1.5-2.4) of Korea 2023).
O. divergens Symphotus Kidney 9.1 9.3 2.0 2.1 333 Tiirkiye (Okkay and Ozer,
cinereus (8.2-9.6) (8.5-9.8) (1.8-2.2) (1.8-2.3) 2020)
O. scatophagi Scatophagus Urinary 7.34 £0.67 6.90 +0.71 2.594+0.42 224+035 45 70.14 India (Chandran et al.,
argus bladder and (6.22-8.71) (5.9-8.21) (1.66-3.23) (1.27-2.98) 2020)
Ureters
O. lauquen Galaxias kidney 7.3+ 0.4 7.6 + 0.4 3.3+0.3 2.4+0.3 34 70 Argentina  (Alama-Bermejo
maculatus tubule (6.5-8.3) (6.6-8.8) (2.2-4.0) (1.8-3.1) et al., 2019).
O. concéntrica Acanthistius Urinary 8.9+ 0.6 8.7 £ 0.6 3.1+£03 2.7 £0.2 4-5 300 Argentina (Alama-Bermejo
patachonicus bladder, (8.2-11.0) (7,9 -11,0) (2,4 -3,8) (2,3 -3.6) and
kidney and Hernandez-Orts,
Ureters 2018)
O. mullusi Mullus barbatus Urinary 9.3 8.7 3.1 2.5 3-4 24.5 Tiirkiye (Giirkanli et al.,
bladder, (9.0-9.7) (8.2-9.3) (3.0-3.2) (2.4-2.6) 2018)
Kidney
O. labracis Dicentrarchus Urinary 7.6 7.2 3.0 2.4 4-5 11.0 Portugal (Rangel et al.,
labrax bladder, (6.8-8.7) (6.7-7.7) (2.6-3.4) (2.0-2.9) 2017)
Kidney
O. saudii Siganus rivulatus kidney 10 (9-11) 12 (11-13) 454+ 0.3 454+ 0.3 3 5.0 Saudi (Abdel-Baki
tubule (4.0-5.0) (4.0-5.0) Arabia et al., 2015)
O. auratae Sparus aurata Urinary 9.0 £0.3 8.3+04 3.2+0.1 2.7 +£0.1 3-4 516 Portugal (Rangel et al.,
bladder, (8.2-10.1) (7.5-9.1) (2.9-3.6) (2.4-2.9) 2014)
Kidney
O. orientalis Clupea harengus Ureter, 9.0 7.9 2.7 2.7 - 11.0 Denmark (Karlsbakk and
sprattus kidney (8.5-9.2) (7.7-8.0) (2.3-2.9) (2.3-2.9) Keie, 2011)
tubule
O. africanus Oreochromis Urinary 7.71+0.21 7.67+0.25 2.87+0.24 2.87+0.24 4-5 447 Egypt (Abdel-Ghaffar
niloticus bladder (6.93-.47) (6.93-8.47)  (2.31-3.85)  (2.31-3.85) et al., 2008)
O. basma Clinus agilis Urinary 13.5+ 1.0 12.3 £ 0.5 43+0.3 3.5+0.5 4-5 16,6 South (Ali, 2000)
bladder (12.0-15.0)  (11.8-13.0)  (4.0-4.8) (3.0-4.3) Africa
O. gadusiae Gudusia chapra Urinary 10.8 9.2 2.8 2.0 45 3.6 India (Sarkar, 1999a)
bladder (9.0-11.7) (9.0-9.9) (1.8-3.0) (1.0-2.5)
0. indica Macrospinosa Urinary 7.4 +£0.8 6.2 £ 0.5 1.7 £ 0.2 - 3-5 18.8 India (Sarkar, 1999b)
cuja bladder, (6.5-9.0) (5.5-8.0) (1.5-2.0)
Kidney
O. fluviatilis Dichotomyctere kidney 8.3 7.8 3.1 3.1 4-6 100 South (Lom and
Sfluviatilis tubule and (7.9-8.4) (7.3-8.0) (2.8-3.3) (2.8-3.3) Asia Dykova, 1995)
ducts
O. striateculus Leptatherina Ureter 10.1 10.0 3.5 2.9 5-7 0.3 Australia (Su and White,
presbyteroides (9.1-10.5) (8.9-10.4) (3.4-3.6) (2.8-3.1) 1994)
O. macrouri Coelorinchus Urinary 9.3-10.6 8.0-9.0 3.3-3.9 2.6 - - Namibia (Kovaleva et al.,
fasciatus bladder 1993)
O. visakhapatnamensis Planiliza Visceral 5.9 5.9 3.0 2.2 5-6 20.3 India (Padma Dorothy
macrolepis peritoneum (5.2-6.0) (5.2-6.0) (2.6-3.5) (1.7-2.6) and Kalavati,
1993)
O. asymmétrica Caranx Gall 8.0-10.0 7.5-9.3 3.3-4.0 2.0-3.3 - 13.3 Africa (Kovaleva et al.,
rhonchus bladder 1993)
O. australis Acanthopagrus Gall 8.7 8.0 3.7 2.9 3-4 16.625 Australia (Lom et al., 1992)
australis, bladder (7.8-10.4) (7.3-9.5) (2.8-4.4) (2.3-3.2)
Rhabdosargus
sarba
O. polymorpha Opsanus tau Urinary 8.0 8.0 4.0-5.0 2.0-2.5 - 81.8 USA (Davis, 1917)
bladder (7.0-10.0) (7.0-10.0)

(Fig. 2B and 2C).
3.2. Taxonomic summary

Species: Ortholinea paraensis n. sp. (Fig. 3)

Host: Ageneiosus ucayalensis Castelnau, 1855

Site of infection: Urinary bladder.

Prevalence: 28 (43.1 %) of the 65 specimens examined.

Type locality: Santo Anténio and Guajara Bays (01°15'0" S; 48°30'0"
W), in the municipality of Belém, Para state, Brazil.

Etymology: The species epithet alludes to the geographical origin of
the species, that is, the Brazilian state of Para.

Type specimen: Glass slide of a histological section, stained with
Giemsa, containing a syntype of the new species, was deposited in the
Zoology Museum of the National Institute for Amazonian Research
(INPA) in Manaus, Amazonas, Brazil — Number: INPA-CND 000,107.

Molecular data: A partial rDNA SSU sequence of 1669 base pairs was
deposited in GenBank, under accession number PQ816784.

Observed myxozoan co-infections: Infection by Ellipsonyxa matosi
Pereira et al. (2025) was observed in the gallbladder of all (100 %) of the
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Fig. 2. Scanning electron microscopy of myxospores of Ortholinea paraensis n. sp. A: Myxospores in the apical and valvular views, showing ornamentation organized
in crests (arrow), scale bar = 5 um. B: Pairs of myxospores (arrow), scale bar = 10 um. C: Myxospore showing the suture line (arrow) and discharge pore of the polar
tubule, with the extrusion of the polar tubule (arrowhead), scale bar = 5 ym. D: Polar tubule discharge pores of each valve in the apical view (arrowhead) and a
slightly undulating suture line (arrow), scale bar = 5 ym.

host specimens examined. 3.3. Phylogenetic analysis

The BLAST analysis revealed that the Ortholinea paraensis n. sp.
sequence was most similar 93.8 % to that of Hoferellus jutubensis
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Fig. 3. Diagram of Ortholinea paraensis n. sp., in the valvular view, Scale bar = 10 pm.

Legend
Habitat Host Order
. I] Acanthuriformes
. Marine
E Anura

E!J Anguilliformes

[I Carcharhiniformes
. Cichliformes

E Clupeiformes

@ Cypriniformes
Esociformes

E Galaxiiformes

m Gobiiformes

[I] Mulliformes

I]] Osteoglossiformes
|] Perciformes

D Pleuronectiformes
Salmoniformes

. Freshwater

Siluriformes

Amazon
Species

lOrthalimza mullusi MF539825 [UB] [KI] [l
Ortholinea sp. MK937851 [KI] ]
rtholinea divergens OR884253 [KI|
1Ortholinea auratae KF703857 [UB]CA
Ortholinea labracis KU363831 [UB][Hl
; rtholinea scatophagi MN310514 [UB]I[]
Ortholinea argusi MH197371 [UB]H]
Myxobilatus gasterostei EU861210 [KI]
Ortholinea concentrica MH793351 [UB][
Ortholinea nupchi MW 540886 [UB][]
-Hoferellus gilsoni AJ582062 [UB] M

Ju i KU141398 [KT][H]
-Hoferellus anurae KU141397 [KI]=F
Ortholinea hamsiensis OR884251 [UBJeq
})rtho/inca gobiusi OR884254 [KI][A]
rtholinea orientalis HM770875 [UR] Y|
-Hoferellus alosae KU301052 [KI]ed
]Chloromyxum sp. AJ581917 [UB]EH

Zschokkella sp. AJ581918 [KI] ™
-Hoferellus tartarugualis PP778691 [UB] [l
-Hoferellus azevedoi MF162297 [UB] il
Sphaerospora festivus MW370523 [UB] [l
-Hoferellus jutubensis MW540793 [UB]Z4
-Ortholinea paraensis n. sp. PQ816784 [UB]]

Zschokkella siegfriedi KF874231
Zschokkella hildae FM957569

rtholinea lauguen MN128729 [KI][e]
IHo/erelIus cyprini KU141402 [UB][A]

Hoferellus sp. KU141401 [KI][a]
‘Hoferellus carassii KU141400 [KI] [&]
-Myxidium streisingeri KM001687 [KI][x]

0.4

Fig. 4. Phylogenetic tree produced by Bayesian Inference (BI), based on the alignment of the partial SSU rDNA sequence of Ortholinea paraensis n. sp. with those of
closely-related myxozoan species, highlighting the host habitat, infection site (UB = Urinary Bladder, UB = Ureter, and KI = Kidney), and the taxonomic order of the
host. The number on each branch is the posterior probability of the BI. The new species is highlighted in bold script. The outgroup includes the myxosporeans

Zschokkella siegfriedi (KF874231) and Zschokkella hildae (FM957569).



C.M.B. Pereira et al.

(MW540793), followed by Ortholinea auratae (KF703857), with a simi-
larity of 88.8 %. Comparisons with other Ortholinea species also revealed
a similarity of more than 88 %, including 88.7 %, in the case of
O. lauquen (MN128729), 88.4 % for O. divergens (OR884253), 88.3 % for
Ortholinea sp. (MK937851), 88.2 % for O. argusi (MH197371), and 88.1
% for O. mullusi (MF539825).

The phylogenetic analysis of the SSU rDNA sequences revealed a
polyphyletic group of freshwater and marine Ortholinea species. Ortho-
linea paraensis n. sp. was identified as part of a group of species that
infect the urinary bladder of fishes from the Brazilian Amazon, including
Hoferellus azevedoi (host: Chaetobranchus flavescens), H. tartarugualis and
Sphaerospora festivus (host: Mesonauta festivus), and H. jutubensis, a
parasite of the driftwood catfish Ageneiosus inermis (Fig. 4). The smallest
genetic distance p found between the Ortholinea paraensis n. sp. sequence
and those of other myxozoans (Table 2) was 10.01 %, in the case of
H. jutubensis, while the largest distance was 17.84 %, in the case of
O. labracis (KU363831).

4. Discussion

The new species described here has morphological characteristics
typical of the genus Ortholinea, including spherical myxospores, diver-
gent polar capsules, superficial crests, and a suture line (Lom and
Dykova, 2006). While the morphometric parameters of Ortholinea par-
aensis n. sp. are approximately similar to those of O. saudii, which infects
primarily the renal tubules (Abdel-Baki et al., 2015), the morphology of
the myxospore is distinct, given its sub-spherical shape and spherical
polar capsules, which occupy half of the spore, in addition to differences
in the number of coils of the polar tubule, the tissue parasitized, the host
species, and geographic region. O. saudii also has smooth valves and an
indistinct suture line.

The surface ridges of Ortholinea paraensis n. sp. resemble a ball of
wool, similar to the widely-spaced ridges observed in O. nupchi (host:
Paralichthys olivaceus) from South Korea, which has five to seven ridges,
although they are more prominent, deeper, and intricate than those
observed in the new species described here (Shin et al., 2023). Most of
the Ortholinea species described up to now have external striations or
ridges (Ali, 2000; Rangel et al., 2014; Alama-Bermejo and Hernande-
z-Orts, 2018).

The presence of peripheral projections in the plasmodia, with the
appearance of stereocilia, may be related to an enhanced capacity to
adhere to the mucosa of the host’s organ. These projections likely
contribute to the nutritional flow of the plasmodia, enhancing their
adherence, and the uptake of particles that contribute to the pinocytic
activity of the plasmodium surface, as observed in many coelozoic
myxozoans (Lom and Dykova, 1996; Uspenskaya, 1982; Rocha et al.,
2011). Similar projections have also been observed in O. basma, a
parasite of the agile klipfish, Clinus agilis (Ali, 2000), O. africanus, which
infects the Nile tilapia, Oreochromis niloticus (Ali, 2009), O. auratae, a
parasite of the fish Sparus aurata (Rangel et al., 2014), O. labracis — host,
Dicentrarchus labrax (Rangel et al., 2017), and in O. scatophagi, a parasite
of Scatophagus argus (Chandran et al. 2020). It is pertinent to note here
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that the urinary bladder has a transitional epithelium, whose tension
varies considerably, which implies that the stereocilia may be important
to guarantee the adhesion of the myxospore to the mucosa of this organ.

In the present study, the urinary bladder presented a slight
morphological alteration at the attachment point of the myxospore,
which did not appear to be pathological, given that the cell structure was
apparently unaltered. However, the tension of the mucosa in the region
of the attachment site altered the shape of the epithelium. It is important
to emphasize here that, while the transitional epithelium is fluid in
shape, it usually varies homogeneously throughout the mucosa and not
in localized areas, as observed here. Few data are available on the pat-
terns of pathogenicity in Ortholinea species, and pathological alterations
have only been observed in the kidney, including cell necrosis, disinte-
gration of the tubular epithelium, and obstruction of the renal tubules
(Alama-Bermejo et al., 2019; Abdel-Baki et al., 2015). However, Lom
et al. (1992) found that O. australis caused stagnation of the flow of bile
and liver disorder when infecting the gallbladders of two fish hosts —
Acanthopagrus australis and Rhabdosargus sarba.

The phylogenetic analysis revealed a number of polyphyletic groups,
including species that present tropism to the urinary system of their
hosts. The freshwater Ortholinea species (O. lauquen and Ortholinea
paraensis n. sp.) form a taxonomically heterogeneous group, together
with species of the genera Hoferellus and Sphaerospora, rather than a
distinct marine clade. This arrangement may be related to evolutionary
shifts in the characteristics of the myxozoans, as they adapted to
different aquatic habitats (Fiala and Bartosova, 2010; Bartosova et al.,
2011; Fiala et al., 2015). The results of previous studies indicate that the
definitive hosts of Ortholinea species influence this phylogenetic
arrangement; however, the number of species with the complete life
cycle is still limited, with only actinospores of two species being
observed in marine oligochaetes, O. auratae in Limnodriloides agne and
O. labracis in hosts of the genus Tectidrilus (Rangel et al., 2015, 2017;
Fiala et al., 2015; Holzer et al., 2018). To confirm this relationship with
freshwater fish hosts, it will be necessary to describe the complete life
cycle of Ortholinea paraensis n. sp. including its definitive host, which is
probably a freshwater oligochaete.

In this analysis, the host of Hoferellus jutubensis, a sister species of
Ortholinea paraensis n. sp., is the driftwood catfish Ageneiosus inermis
(order Siluriformes), a member of the same genus as the host of the new
species described here (Pereira et al., 2022). This indicates that, in
addition to tissue tropism, the type of host may also influence the
phylogenetic relationships among the parasites, as observed in other
groups of histozoic myxozoans, such as Myxobolus and Henneguya
(Carriero et al. 2013; Ferguson et al. 2008; Liu et al. 2019; Velasco et al.
2024). These relationships may be further clarified as the diversity of the
coelozoic myxozoans is better defined in future studies.

Many fish undergo extensive migrations over the course of their life
cycle, which may have influenced the grouping of these myxozoans into
freshwater lineages (Kent et al., 2001; Rangel et al., 2017). A. ucayalensis
is known to have a seasonal migration cycle, first reproducing in estu-
aries during the dry season and then migrating toward the headwaters of
the rivers during the rainy season, to develop into the adults, which

Table 2
Genetic distance p (%) of Ortholinea paraensis n. sp. compared to species of Ortholinea and Hoferellus.
Species @D (2) 3) 4 %) 6) 7) [©)) [©) (10)
(1) Ortholinea paraensis n. sp. (PQ816784) -
(2) Hoferellus jutubensis (MW540793) 10.01 -
(3) Ortholinea auratae (KF703858) 16.64 21.47 -
(4) Ortholinea mullusi (MF539825) 16.96 21.22 4.93 -
(5) Ortholinea divergens (OR884253) 17.19 20.81 2.23 5.38 -
(6) Ortholinea nupchi (MW540886) 17.32 20.60 11.56 11.18 11.63 -
(7) Ortholinea argusi (MH197371) 17.54 21.15 9.43 8.61 9.14 12.74 -
(8) Ortholinea hamsiensis (OR884251) 17.73 21.46 18.45 17.92 17.59 17.68 18.81 -
(9) Ortholinea gobiusi (OR884254) 17.80 21.49 18.67 18.00 17.79 17.63 18.66 1.24 -
(10) Ortholinea labracis (KU363831) 17.84 21.26 4.54 4.07 4.50 11.45 7.99 18.60 18.61 -
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spend most of their life cycle in this fluvial environment (Ropke et al.
2016). This would explain why Ortholinea paraensis n. sp. groups with
the freshwater species.

Overall, then, the molecular and morphological evidence presented
here supports the description of Ortholinea paraensis n. sp. This is the first
species of Ortholinea reported from Brazil.
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