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A B S T R A C T   

The microsporidian diversity catalogued so far has resulted in the development of several taxonomic groups, one 
of which is the Enterocytozoonida – a group of generalist ‘ultimate opportunists’, which infect many fished and 
aquacultured animals, as well as a broad suite of host taxa, including humans. In this study, we provide 
phylogenetic, ultrastructural, developmental, and pathological evidence for the creation of a new genus and 
species to hold a microsporidian parasite of the Jonah crab, Cancer borealis. 

Cancer borealis represents a species of commercial interest and has become the target of a recently developed 
fishery on the USA and Canadian Atlantic coast. This species was found to harbour a microsporidian parasite that 
develops in the cytoplasm of alpha and beta cells of the hepatopancreas. We retrieved a 937 bp fragment of the 
parasite SSU region, alongside developmental and ultrastructural data that suggests this species is ~ 87 % similar 
to Parahepatospora carcini and develops in a similar manner in direct association with the host cell cytoplasm. The 
mature spores are ovoid in shape and measure 1.48 ± 0.15 µm (SD) in length and 1.00 ± 0.11 µm (SD) in width. 

Phylogenetically, the new parasite clades in the Enterocytozoonida on the same branch as P. carcini. We 
provide a new genus and species to hold the parasite: Pseudohepatospora borealis n. gen. n. sp. (Microsporidia: 
Enterocytozoonida) and explore the likelihood that this species may fit into the Hepatoporidae family.   

1. Introduction 

The Microsporidia are spore forming, unicellular, eukaryotic, para-
sites with heavily reduced genomes, and the capacity to cause intra-
cellular pathology in a wide suite of hosts due to their obligate host- 
associated development and transmission (Murareanu et al. 2021). 
The Microsporidia are distributed across terrestrial and aquatic envi-
ronments and our knowledge of their diversity is expanding rapidly with 
the application of metabarcoding and metagenomic technologies 
(Dubuffet et al. 2021). 

The taxonomy surrounding the Microsporidia group has been in flux 
for many years, primarily due to conflicts between morphological and 
genetic approaches – this has now been somewhat resolved by an 

integrated taxonomy developed from phylogenetic analysis, but incor-
porating ultrastructural, pathological, and ecological factors at genus 
and species levels (Bojko et al. 2022). This taxonomic revamp resulted in 
several new groups that provide a consensus to overcome the previously 
used clade system, which reached more than 10 clade numbers (Voss-
brinck et al. 2014; Wijayawardene et al. 2020; Dubuffet et al. 2021; 
Bojko et al. 2022). These groups include: Nosematida; Glugeida; Cau-
dosporida; Amblyosporida; Neopereziida; Ovavesiculida; and 
Enterocytozoonida. 

The Enterocytozoonida represents a group of particular interest 
relative to human microsporidiosis (Han et al., 2021; Bojko et al. 2022), 
primarily by microsporidians in the Enterocytozoonidae, a family of 
microsporidians that infect fish, crustaceans, and humans (Stentiford 
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et al. 2019). At the base of this group is the Hepatosporidae, a family of 
hepatopancreas-infecting parasites of crustacean hosts that continues to 
be populated with parasites from crab hosts (Stentiford et al. 2011; 
Bateman et al. 2016; Bojko et al., 2017a). 

The genera Hepatospora and Parahepatospora each hold a single 
species with significant genetic differentiation from other Microsporidia 
(Bateman et al. 2016; Bojko et al., 2017a). Parahepatospora carcini was 
identified from a Carcinus maenas host located in its invasive range in 
Canada (Bojko et al., 2017a; Bojko et al. 2018). Hepatospora eriocheir 
represents a ‘cline’ of microsporidian isolates, verified by multi-gene 
phylogenies, and including isolates that infect the pea crab Pinnotheres 
pisum, the edible crab Cancer pagurus, and the Chinese mitten crab 
Eriocheir sinensis. Eriocheir sinensis was the original host identified with 
H. eriocheir, and since E. sinensis invaded the UK, the two other hosts 
were subsequently found (Stentiford et al. 2011; Bateman et al. 2016). 
These Hepatospora hosts include parasitic marine species (P. pisum), 
marine species consumed and farmed/fished by humans (C. pagurus) and 
freshwater/brackish species that migrate into river systems (E. sinensis) 
(Longshaw et al. 2012; Bojko and Stentiford, 2022). The presence of 
Hepatospora isolates in such a diversity of hosts with largely different 
evolutionary histories, environmental preferences and invasion back-
ground support the consensus that this parasite is an ultimate oppor-
tunist and may be present in a wide suite of other hosts (Stentiford et al. 
2019). 

Phylogenetic, developmental, and ultrastructural data for Para-
hepatospora and Hepatospora genera suggest that the group are ancestral 
to the Enterocytozoonidae (Bojko et al., 2017a; Stentiford et al. 2019). 
These genera have been suggested for inclusion in the Hepatosporidae, 
which sits outside the Enterocytozoonidae (Stentiford et al. 2011; Bojko 
et al., 2017a). This study identifies another related species within the 
Enterocytozoonida, isolated from the Jonah crab Cancer borealis 
(Decapoda: Brachyura). This novel microsporidian is provided with a 
new genus (Pseudohepatospora n. gen.) and species (Pseudohepatospora 
borealis n. gen. n. sp.) following morphological, developmental, patho-
logical, and phylogenetic identification. 

2. Materials and methods 

2.1. Collection of Jonah crab, dissection, and histopathology 

Jonah crab is considered an emerging fishery in the north-eastern 
USA and south-eastern Canada, which has not yet been searched for 
microsporidian parasites. Jonah crabs were collected using traps 
(greater than 40 mm carapace width) and by suction of the sea floor (less 
than 60 mm carapace width) off the coast of Rhode Island, USA. Upon 
collection, the animals were transported to the laboratory for euthanasia 
and dissection. Dissected tissues included: muscle, gill, gonad, gut, and 
hepatopancreas. 

Crab tissues biopsied for histology were fixed in Davidson’s Salt-
water Solution (seawater, ethanol, formaldehyde, acetic acid, glycerol) 
for 48 h before transferring to 70 % ethanol. Ethanol-soaked tissues were 
then infiltrated with paraffin wax after further dehydration and xylene 
exchange using an automated tissue processor. Wax-infiltrated tissues 
were embedded into a larger wax block and sectioned using a rotary 
microtome (3–4 µm section thickness). Each section was mounted upon 
a glass slide and stained with haematoxylin and alcoholic eosin, 
following a standard de-wax and rehydration protocol. Once dry, the 
slides were coverslipped using DPX. Histological processing for all 
specimens was conducted by Histology Tech Services Inc (https://www. 
histologytechservices.com). The slides were read using a Leica light 
microscope and images were captured using an integrated Leica camera 
system. 

2.2. Transmission electron microscopy 

Crab hepatopancreas was fixed in 2.5 % glutaraldehyde in 0.1 M 

sodium cacodylate buffer (pH 7.4) and washed in 0.1 M sodium caco-
dylate buffer before being post fixed in 1 % Osmium tetroxide in 0.1 M 
sodium cacodylate buffer for 1 h. Samples were rinsed in 0.1 M sodium 
cacodylate buffer before dehydration through a graded acetone series. 
Samples were infiltrated with 75:25 acteone:resin (Agar 100 epoxy 
resin, Agar Scientific) for 1 h, 50:50 acetone: resin for 1 h, 25:75 
acetone:resin for 1 h, 100 % resin for 1 h before being embedded in fresh 
resin and polymerised overnight at 60 ⁰C. Semithin sections (1–2 µm) 
were stained with Toluidine blue for viewing with light microscope to 
identify target areas for ultrathin sectioning. Ultrathin sections (70–90 
nm) were mounted on uncoated copper grids and stained with aqueous 
uranyl acetate and Reynolds lead citrate (Reynolds, 1963). Grids were 
examined with JEOL 1400 Transmission Electron Microscope and digital 
images captured with AMT XR80 camera and AMTv602 software. 

2.3. Molecular diagnostics 

Up to 5 mg of microsporidian-infected crab hepatopancreas was 
isolated from an infected individual. DNA extraction was carried out 
using a Zymo kit and protocol (quick-DNA extraction kit: https://www. 
zymoresearch.com) according to manufacturer’s instruction. The DNA 
extract was used in a Promega Flexi-Taq PCR (50 µl reaction volume) 
consisting of 1 µM forward primer (V1F: 5′-CACCAGGTT-
GATTCTGCCTGAC-3′), 1 µM reverse primer (Mc3r: 5′-GATAAC-
GACGGGCGGTGTGTACAA-3′), 1 mM dNTPs, 0.25 µl of Promega Taq 
polymerase and 2.5 mM MgCl2 (Bojko et al. 2020). The thermocycler 
conditions involved an initial denature at 94 ◦C (4 min) followed by 36 
cycles of 94 ◦C, 55 ◦C and 72 ◦C, with each temperature held for 1 min, 
and a final extension period at 72 ◦C for 7 min. The resulting amplicons 
were visualised using gel electrophoresis on a 1.5 % agarose gel. The 
microsporidian band (~900 bp-1000 bp) was excised from the gel and 
sent for forward and reverse sequencing using Eurofins Genomics 
(https://www.eurofinsgenomics.com). The microsporidian sequence 
was assigned the accession number: OP339738, and compared to other 
sequences via the NCBI database. 

2.4. Phylogenetic analysis 

In total, 205 microsporidian SSU sequences were acquired from NCBI 
database (Supplementary Table 1) and used to develop a maximum- 
likelihood phylogenetic tree. The 205 SSU sequences were aligned via 
MAFFT using CIPRES (https://www.phylo.org/). The resulting align-
ment was then analysed using IQ-TREE (Chernomor et al. 2016). The 
phylogenetic analysis involved 1000 bootstrap replicates and employed 
the GTR + F + I + G4 evolutionary model, chosen according to Bayesian 
information criterion (BIC). The analysis was conducted over 4479 
columns, where a column is a base or gap in the MAFFT alignment. The 
log-likelihood of the consensus tree was − 94146.620. 

3. Results 

3.1. Histopathology associated with microsporidiosis in Cancer borealis 

Dissected crabs display no obvious gross pathology and the micro-
sporidian infection was initially detected using histopathological sec-
tions of the hepatopancreas. The histological section of 
hepatopancreatic tissues presented microsporidian development stages 
within the cytoplasm of α and β cells (Fig. 1a-d). Cells with early in-
fections had blue staining meronts toward the periphery of the devel-
oping microsporidian mass and small circular mature spores at the 
centre of the mass, following a similar pathology to P. carcini in the 
C. maenas hepatopancreas (Fig. 1b-c). This parasite was present in 2/93 
(prevalence: 2.2 %) specimens collected from coastal Rhode Island, USA. 
Both infections were present in juvenile animals with a carapace width 
of 5.0 mm and 17.9 mm respectively. In both cases the individuals were 
male. 
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3.2. Ultrastructure and intracellular development of Pseudohepatospora 
borealis n. gen. n. sp. 

Pseudohepatospora borealis n. gen. n. sp. follows a distinctly similar 
developmental pattern to Parahepatospora carcini, which has previously 
been noted as putatively ancestral to the development pattern used by 

Hepatospora eriocheir, the Enterocytozoonidae members, and the 
‘Enterocytospora-like’ group (Bojko et al. 2017a). 

As described histologically, infected cells are filled with micro-
sporidian development stages in direct contact with the host cell cyto-
plasm (Fig. 2a). Uninuclear meronts with a thin cell membrane are 
present at the start of the intracellular lifecycle (Fig. 2b). The nucleus of 

Fig. 1. Histopathology of Pseudohepatospora borealis n. gen. n. sp. infecting the hepatopancreas of Cancer borealis. A) Multiple infected hepatopancraetocytes, with a 
growing cytoplasmic mass of microsporidian parasites (black arrow). B) A 100X magnified image of an early infection, where the periphery of the mass appear to be 
early developing stages (black arrow), and the middle of the mass late development stages (white arrow). C) In later infection, more spores are present in the cell 
(white arrow) than developing stages (black arrow). D) Infected cells become enlarged to form small xenomas. 
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Fig. 2. Transmission electron micro-
scopy of Pseudohepatospora borealis n. 
gen. n. sp. from Cancer borealis. A) A 
lower magnification image of what the 
growing microsporidian mass looks like 
in an infected cell. B) An early uni-
karyotic meront with nucleus (N) and 
thin cell membrane (black arrow). C) 
Division of the nuclei (N) to begin mer-
ogony. D and inset) Nuclei continue to 
divide to create a plasmodium, where 
each nucleus (N) then buds off. Early 
development of spore apparatus is visible 
(black arrow). E and inset) Once budded, 
sporogony begins in earnest, the cell wall 
thickens (black arrow) and spore appa-
ratus mature (white arrow). F) The 
sporonts exhibit a single nucleus (N) and 
further organelles develop. G) The pre- 
spore stages are electron lucent with a 
series of membranes condensing into or-
ganelles (white arrow) and an electron 
lucent polar vacuole becomes apparent 
(black arrow).   
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the meront then divides and separates to opposite sides of the meront 
cytoplasm, which begins to grow in size, forming a plasmodium-like 
development stage, and the cell membrane thickens and some early 
infection apparatus (primordial polar filament) begin to form (Fig. 2c- 
d). The plasmodium begins to shed early sporonts, where nuclei present 
at the periphery of the cell bud from the plasmodium along with early 
organelles to form a uninucleate sporont (Fig. 2d). The budding mech-
anism appears visually similar to the system observed during P. carcini 
development. 

The early sporonts, once successfully budded from the main plas-
modium, then develop a thicker cell membrane, building the early 
endospore (Fig. 2e). Individual uninuclear sporonts then further mature, 
increasing in electron density as the number of organelles and ribosomes 

increase within the sporont cytoplasm (Fig. 2e-f). An early polar vacuole 
is present before the endo- and exo-spore are mature (Fig. 2g). As the 
endospore develops (slightly thinner at the anchoring disk) further, the 
spores become ovoid in shape, the isofilar polar filament coils (4–5) 
arrange, and many have a series of filamentous structures that surround 
the endospore in some cases (Fig. 3a-c). The final spore is 1.48 ± 0.15 
µm (SD) (n = 20 spores) in length and 1.00 ± 0.11 µm (SD) in width. 
Ribosomes are arranged densely throughout the cytoplasm, a single 
nucleus is prominent in the centre of the spore, and a bi-laminar 
polaroplast is present (Fig. 3d-e). The anchoring disk leans towards 
one side of the spore, at a thinner section of the endo- and exo-spore 
(Fig. 3d). 

Fig. 3. Continued sporogony of Pseudohepatospora borealis n. gen. n. sp. from Cancer borealis. A) Sporonts close to maturity exhibit a spore wall with both exospore 
and endospore visible, polar vacuole (black arrow), and some additional extra-spore ornamentation (white arrow). B) As the spores become more turgid and assume 
their oval shape the ornamentation is lost (black arrow) and the polar filament coils. C) Mature spores have 4–5 turns of the polar filament (black arrow) and a thicker 
endospore (white arrow). D and E) Two cross-sections of the final infectious spore stage, exhibiting a nucleus (N), polaroplast (black arrow) and anchoring disk 
extending down to a coiled polar filament (white arrows). The spore wall at the site of the anchoring disk is thinner relative to the rest of the spore. 

J. Bojko et al.                                                                                                                                                                                                                                    



Journal of Invertebrate Pathology 197 (2023) 107886

6

3.3. Genetic and phylogenetic assessment of Pseudohepatospora borealis 
n. gen. n. sp. 

A 937 bp fragment of the parasite SSU region shows greatest simi-
larity to Parahepatospora carcini (similarity: 87.33, coverage: 95 %, e- 
value: 0.0) and to several microsporidian sequence isolates from the 
hepatopancreas of Gammarus roeselii (Amphipoda) collected in Poland 
(‘Microsporidium sp. IVD NIT26-04′: similarity: 89.75, coverage: 62 %, 
e-value: 0.0) (Bojko et al. 2017b; Quiles et al. 2019). 

Phylogenetic comparison of the new microsporidium, Pseudohepa-
tospora borealis n. gen. n. sp., to 204 other microsporidian species SSU 
sequences resulted in a branch that included this microsporidian and 
P. carcini, with strong bootstrap support (100 %) (Fig. 4). However, the 
topology of the Enterocytozoonida, although strongly supported at its 
base (100 %) and within the Enterocytozoonidae family (100 %), is 
littered with some lower bootstrap support values. For example, sup-
porting bootstraps of 59 % and 42 % are present for the branch including 
the Pseudohepatospora and Parahepatospora species and the branch 
including the two species within the Enterocytospora-like group (Fig. 4). 
Despite strong support for most nodes, there are some lower support 
values at the base of the tree that suggest the topology of the Caudo-
sporida, Amblyosporida, and Neopereziida may also be variable. 

4. Taxonomic description 

4.1. Higher taxonomy 

Superphylum: Opisthosporidia (Karpov et al. 2014). 
Phylum: Rozellomycota (Tedersoo et al. 2018), including the 

Microsporidia (Balbiani, 1882) (Wijayawardene et al. 2020). 
Class: Terresporidia (Vossbrinck et al. 2014). 
Order: Enterocytozoonida (Bojko et al. 2022). 
Family: Hepatosporidae (Stentiford et al. 2011). 

4.2. Pseudohepatospora n. gen Bojko et al. 2023 

Genus description: Members of this genus infect the hepatopancre-
atic tissue of aquatic crustacean hosts and undergo merogony and 
sporogony outside of a sporophorous vesicle and in direct contact with 
the host cell cytoplasm. The spores are unikaryotic and include ~ 4 coils 
of the polar filament. The polaroplast is bilaminar, with an electron 
dense and electron lucent layers. The spores are ovoid in shape. Genetic 
relatedness to the type species, Pseudohepatospora borealis, should be 
considered if placing a novel member into this genus. 

4.3. Pseudohepatospora borealis n. sp. Bojko et al. 2023 

Species description: This species infects the hepatopancreas of Can-
cer borealis and undergoes merogony and sporogony in direct contact 
with the host cytoplasm. The spores are unikaryotic and include 4–5 
coils of the polar filament. The polaroplast is bilaminar, with electron 
dense and electron lucent layers. The spores are ovoid in shape and 
measure 1.48 ± 0.15 µm (SD) in length and 1.00 ± 0.11 µm (SD) in 
width. Members of this species should also share 98–100 % similarity to 
the SSU sequence under accession OP339738. 

Type host: Cancer borealis (Crustacea: Brachyura). 
Type locality: Coastal marine habitat, Rhode Island, USA. 
Site of infection: This species infects the cytoplasm of hep-

atopancreatic cells. 
Etymology: The genus is named for both the host and its pathologi-

cally related microsporidian relatives, Parahepatospora carcini and Hep-
atospora eriocheir. The genus Pseudohepatospora follows the same use of 
“Hepatospora”, referring to spores in the hepatopancreas of the host. 
The species P. borealis, is derived from the host species: Cancer borealis. 

Type material: Original material is stored at the University of Flor-
ida, Behringer Laboratory. 

5. Discussion 

We present the first account of an hepatopancreatic microsporidian 
in the Jonah crab, C. borealis. This parasite is provided a new genus and 
species: Pseudohepatospora borealis. To evidence this genus, we provide 
ultrastructural, developmental, pathological, genetic, and phylogenetic 
information/analyses, determining that this new parasite is a member of 
the Enterocytozoonida and perhaps supports the Hepatosporidae family. 

5.1. The Hepatosporidae 

In 2007, a microsporidian parasite of the Chinese mitten crab, 
E. sinensis, was first described in the genus Endoreticulatus (Wang and 
Chen, 2007) and then subsequently redescribed as the first member of 
the Hepatospora (Stentiford et al. 2011). During the redescription, a 
family was suggested: the Hepatosporidae, which should hold hep-
atopancreatic microsporidian parasites. Since this initial discovery, 
Hepatospora eriocheir has been found in several different crustacean 
hosts (Bateman et al. 2016; Bojko and Stentiford, 2022). Later, P. carcini 
was described from the hepatopancreas of C. maenas (Bojko et al. 
2017a). These parasites shared early spore apparatus development at 
plasmodial division, a developmental trait shared only in Enter-
ocytozoonidae members, and were phylogenetically associated; how-
ever, P. carcini sat (phylogenetically) outside of the agreed 
Enterocytozoonidae family (Stentiford et al. 2011; Bojko et al. 2017a; 
Stentiford et al. 2019). Now, Pseudohepatospora borealis n. gen. n. sp. has 
been discovered, and with it greater clarity has been given to the phy-
logeny associated with the Enterocytozoonida; separating what may be 
the Hepatosporidae from the Enterocytzoonidae. Observation of early 
spore apparatus development shared among the two families, and 
variability in spore size and polar filament turns between the three 
‘Hepatosporidae candidates’, indicate further morphological/develop-
mental traits that support this taxonomic distinction (Fig. 2D; Fig. 4). 

These three microsporidian parasites share little genetic similarity. 
There is less than 70 % genetic similarity between the SSU sequences of 
Hepatospora and the members of the other two genera, and P. carcini and 
P. borealis are ~ 87 % similar. This reasonable genetic distance supports 
the description of new taxonomic units to hold the novel organism 
described herein, resulting in a new genus (Pseudohepatospora n. gen.) 
and species (Pseudohepatospora borealis n. sp.) (Bojko et al. 2022). 
However, the discovery and comparative systematics of these three 
microsporidians suggest that their origins are different. Hepatospora 
eriocheir clades within the Enterocytozoonidae, but as a basal member, 
and is separated from the other two hepatopancreatic microsporidia by a 
branch length of 0.55 units. Parahepatospora carcini and P. borealis are 
present on the same branch, suggesting a more similar evolutionary 
origin, but are separated by a significant distance (0.35 units). Rela-
tively, P. carcini and P. borealis are more related to one another than to 
H. eriocheir, by quite a distance. This may suggest that the Hep-
atosporidae family, which currently fits the description of all three 
parasites, is paraphyletic and may need redescription. 

Parahepatospora and Pseudohepatospora may be true Hepatosporidae 
members; however, the type species is H. eriocheir and is often included 
as a member of the Enterocytozoonidae (Stentiford et al. 2019). Taxo-
nomic clarification surrounding H. eriocheir may help to resolve this 
paraphyly, and we suggest using P. carcini as the new type species for the 
family. 

5.2. A novel enterocytozoonid microsporidian in a growing fishery 

The Enterocytozoonida are a group of ‘ultimate opportunists’; 
commonly found to infect multiple hosts across a wide range of dispa-
rate taxa (Stentiford et al. 2019; Frizzera et al. 2021). Their host range 
includes mammals, birds, reptiles, fish, invertebrates, and protozoans 
(Bojko et al. 2022). Across the Enterocytozoonida there are examples of 
members affecting fisheries and aquaculture. Nucleospora salmonis 
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Fig. 4. A maximum-likelihood tree including 205 adequately taxonomically described microsporidian species. The higher taxonomic names are listed: Enter-
ocytozoonida, Nosematida, Glugeida, Neopereziida, Caudosporida, Amblyosporida, and Ovavesiculida. The families Astathelohaniidae, Enterocytozoonidae, Hep-
atosporidae and ‘Enterocytospora-like’ group are noted on the tree. Pseudohepatospora borealis n. gen. n. sp. from Cancer borealis is indicated with a yellow arrow. 
Bootstrap support of over 90% are indicated with a black circle. The species used in the tree reflect those used in Bojko et al. (2022), with the addition of Pseu-
dohepatospora borealis n. gen. n. sp. and a broader outgroup, where the accession numbers are included on the tree. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
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impacts salmon culture (Brown and Kent, 2002); Enterospora canceri 
infects the fished brown/edible crab C. pagurus in Europe (Stentiford 
et al. 2007); and Enterocytozoon hepatopenaei causes significant global 
economic damage for the culture of penaeid shrimp (Tourtip et al. 
2009). 

The discovery of P. borealis, a novel member of the Enter-
ocytozoonida, in a host species that is the current target of a developing 
fishery requires surveillance. This same system is also noted with the 
licensable green crab fishery in Atlantic Canada, where P. carcini, a 
closely related microsporidian, infects C. maenas, which are invasive and 
now fished as bait in that area (Bojko et al. 2018). Further, H. eriocheir is 
a common aquaculture issue in China, where the Chinese mitten crab is 
fished and cultured (Wang and Chen, 2007). These examples suggest 
that all putative Hepatosporidae members are a potential issue for 
ongoing aquaculture and fisheries. 

Pathological surveillance of the C. borealis fishery would help to 
determine whether seasonal cycling of P. borealis is common, and 
whether the prevalence of this microsporidian could increase and alter 
fishery sustainability. Further determination of the mortality driving 
impact of this parasite would also be a benefit since we know little about 
its effect on the host lifecycle. 

5.3. Conclusions 

Pseudohepatospora borealis n. gen. n. sp. is a novel microsporidian 
parasite isolated from the hepatopancreas of C. borealis, a brachyuran 
crab that is the target of a new fishery on the north eastern coast of the 
USA and south eastern coast of Canada. Our study has addressed the 
taxonomy of this novel parasite, and by comparing its phylogenetic 
origin to similar parasites it appears that its closest relative is P. carcini 
from invasive C. maenas from Atlantic Canada. 

Surveillance of the fishery, alongside mortality assessments, are 
important next steps to understand the role of this new parasite in the 
emerging fishery. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

We would like to acknowledge help from the Commercial Fisheries 
Research Foundation and industry partners, John Peabody, and Al Ea-
gles who collected and retained the Jonah crabs for this study. Thanks to 
Elizabeth Duermit-Moreau, Amy Oxton, Abigail Scro, Eric Bovee, Han-
nah Powless and Caleb Branam, for their help in dissecting the RI crabs. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jip.2023.107886. 

References 

Balbiani, E.G., 1882. Sur les microsporidies ou psorospermies des articules. Compt. Rend. 
Acad. Sci. Paris 95, 1168–1171. 

Bateman, K.S., Wiredu-Boakye, D., Kerr, R., Williams, B.A.P., Stentiford, G.D., 2016. 
Single and multi-gene phylogeny of Hepatospora (Microsporidia) – a generalist 
pathogen of farmed and wild crustacean hosts. Parasitology 143 (8), 971–982. 

Bojko, J., Behringer, D. C., Moler, P., Stratton, C. E., & Reisinger, L. (2020). A new 
lineage of crayfish-infecting Microsporidia: the Cambaraspora floridanus n. gen. n. sp. 
(Glugeida: Glugeidae) complex from Floridian freshwaters (USA). Journal of 
Invertebrate Pathology, 171, 107345. 

Bojko, J., Reinke, A.W., Stentiford, G.D., Williams, B., Rogers, M.S., Bass, D., 2022. 
Microsporidia: a new taxonomic, evolutionary, and ecological synthesis. Trends in 
Parasitology. 

Bojko, J., Stentiford, G.D., 2022. Microsporidian pathogens of aquatic animals. In: 
Reinke, A., Weiss, L. (Eds.), Microsporidia. Springer, Cham, pp. 247–283. 

Bojko, J., Clark, F., Bass, D., Dunn, A.M., Stewart-Clark, S., Stebbing, P.D., Stentiford, G. 
D., 2017a. Parahepatospora carcini n. gen., n. sp., a parasite of invasive Carcinus 
maenas with intermediate features of sporogony between the Enterocytozoon clade 
and other Microsporidia. J. Invertebr. Pathol. 143, 124–134. 

Bojko, J., Bącela-Spychalska, K., Stebbing, P.D., Dunn, A.M., Grabowski, M., 
Rachalewski, M., Stentiford, G.D., 2017b. Parasites, pathogens and commensals in 
the “low-impact” non-native amphipod host Gammarus roeselii. Parasit. Vectors 10 
(1), 1–15. 

Bojko, J., Stebbing, P.D., Dunn, A.M., Bateman, K.S., Clark, F., Kerr, R.C., Stentiford, G. 
D., 2018. Green crab Carcinus maenas symbiont profiles along a North Atlantic 
invasion route. Dis. Aquat. Organ. 128 (2), 147–168. 

Brown, A., Kent, M.L., 2002. Molecular diagnostics for Loma salmonae and Nucleospora 
salmonis (Microsporidia). In: Molecular Diagnosis of Salmonid Diseases. Springer, 
Dordrecht, pp. 267–283. 

Chernomor, O., Von Haeseler, A., Minh, B.Q., 2016. Terrace aware data structure for 
phylogenomic inference from supermatrices. Syst. Biol. 65 (6), 997–1008. 
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