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The endoparasite Perkinsus
olseni affecting the
Mediterranean mussels (Mytilus
galloprovincialis) in the Italian and
Spanish waters: A new possible
threat for mussel aquaculture
and wild animal population

Francesca Carella1*, Margarita Fernandez Tejedor2, Grazia Villari1,
Karl Blyth Andree2 and Gionata De Vico1

1Department of Biology, University of Naples Federico II, Naples, Italy, 2Institute of Agrifood Research
and Technology (IRTA), la Ràpita, Spain
Dinoflagellates belonging to the Perkinsus genus are OIE (World Organization for

animal Health)-listed pathogens extremely virulent for clams and oysters in many

marine ecosystems throughout the world. During the monitoring activities of the

Mediterranean mussel (Mytilus galloprovincialis) in Campania region (Italy), the

presence of typical trophozoites of Perkinsus sp. was observed in mussels from

farms and natural banks. Simultaneously, following mussel mortality in the Spanish

waters of Catalonia, histopathological studies revealed the presence of the same

parasite. Although perkinsosis is an endemic disease in clams in Italy (with

prevalence from 40 to 80%), there are no reports to date of its presence in

Mediterranean mussels and of the effect on this species. For this study,

histopathology, Ray’s Fluid Thioglycollate Medium (RFTM), and molecular

diagnostics with conventional Polimerase Chain Reaction (PCR) and qPCR were

performed. In samples from Italy, histopathology in the mussel from one farm

revealed a prevalence of 26% in February 2019, 40% in February 2020, 16% in

November 2020, and 23% in April 2021. In a natural bank, Perkinsus was also

detected in May 2020 but in lower prevalence. In Spain, in July 2020, the presence

of the parasite was 20% in one site and 10% in a second site and related to animal

mortality. In both areas, Perkinsus sp. elicited multiple inflammatory capsules of

different size or infiltrates at the level of the digestive gland and gonad. Molecular

diagnostics of the Internal Transcriber Spacer (ITS) region of the rDNA (ITS1, 5.8S,

and ITS2) showed a 97% similarity of P. olseni from Italy with samples from New

Zealand, Australia, and Uruguay and in bivalves such as Pitar rostrata, Astrovenus

sp., and Haliotis sp., whereas in Spain the identity was 99% samples from South

Korean venerids such as Anadara granosa. Phylogenetic analysis group together P.

olseni from Italian and Spanish mussels but place them distant from other P. olseni

described in the clams from Europe (Italy, France, and Spain). Direct impact of

transboundary animal diseases in aquaculture constitutes a serious consequence

for export living animals and their products, as well for international trade. This
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compromises food security, also causing a high socioeconomic impact on

aquaculture exporting nations. P. olseni is a generalist pathogen able to infect

different bivalve species, possibly passing from clams to oysters and mussels.

Recognized international organizations should take this into account in the view of

possible cross-infection. Other studies are needed to define pathogen virulence in

this species.
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1 Introduction

In the past years, infectious diseases are emerging significantly in

marine and freshwater environments. The elements involved in this

emergence are different. Cultivated animals are involved in the global

trading, facilitating the introduction of serious infectious diseases,

called transboundary diseases (TD). Several transboundary aquatic

animal diseases (TAADS) have swept regions over the past 30 years

causing massive economic and social losses, responsible for the

introduction, establishment, and spread of pathogens into new

geographic areas. Nowadays, there are several international codes of

practice and guidelines to reduce the risk of introducing pathogens.

WOHA (World Organization of Animal Health) has developed

recommendations and protocols in the International Aquatic

Animal Health Code, which deals with the health surveillance of

aquatic animals (OIE Listed Diseases, 2021).

Emerging disease in mussels has been reported repeatedly in the

past years, as in other bivalve species. Recently, the potentially

zoonotic bacteria Nocardia crassotreae were reported in the

Mediterranean mussel M. galloprovincialis (Carella et al., 2013; De

Vico and Carella, 2019), the OIE listed parasite Marteilia refringens

have been observed in the area (Carella et al., 2010), and many other

emerging disease conditions have been also reported in other bivalve

species in the same area (Carella et al., 2013; Carella et al., 2018).

Perkinsosis is an important disease that has been reported

worldwide in bivalves and gastropods. Perkinsus pathogens can

infect a wide range of hosts and possibly are responsible for

mortality events for their extensive invasive ability and virulence.

Nowadays, seven species within the genus Perkinsus have been

reported including P. marinus, P. olseni, P. qugwadi, P. chesapeaki,

P. mediterraneus, P. honshuensis, and P. beihaiensis (Ramilo et al.,

2015) with only P. olseni and P. marinus listed notifiable parasites

listed by OIE (OIE Listed Diseases, 2021).

Pathogens can display a highly flexible ranges of hosts, called

multi-host or generalist pathogens, or can infect only one or a few

related species and called specialist pathogens. P. olseni has been

reported in 30 mollusc species, bivalves, and gastropods over a wide

range of geographical locations (Itoïz et al., 2022). It is generally

associated with mass mortality of clams such as Manila clams

Ruditapes philippinarum in Europe, the venerid clam R.

philippinarumin Asia, the cockle Austrovenus stutchburyi in New

Zealand (Dungan et al., 2007), and in the abalone Haliotis spp in

Australia. Recently, reports of perkinsosis in mussels have been
02
increasing; Itoh et al. (2019) reported P. beihaiensis infection in the

invasive M. galloprovincialis in Japan, whereas Vazquez et al. (2022)

reported P. olseni in M. chilensis in Argentina.

In this study, we report, for the first time, the presence of the

parasite Perkinsus sp. in the Mediterranean musselM. galloprovincialis

in Europe. First detection was in mussels from Italy, in Campania

region, in mussel farms from 2019 to 2021 and later in natural beds in

2020. During the study, we also observed the presence of Perkinsus sp.

like cells in mussel samples from Catalonia (Spain) following a mussel

episode of mortality. Within the past few years, more data on the

genetic variation within some of the Perkinsus species have become

available, and many ITS (internal transcribed spaces) regions now

described have that allowed to assess intraspecific variation and to

compare the dissimilarity of sequence with the differences observed

among the Perkinsus species. During the surveys, we conducted

phylogenetic analyses to estimate the relationships with the group of

Perkinsus spp. in mussels from Italy and Spain and haplotype

characterization along with animal histopathology to define host

response and possible Perkinsus pathogenicity.
2 Materials and methods

2.1 Sampling of Mediterranean mussels in
Italy and Spain

During 2018–2021, a field survey targeting infectious agents of

the Mediterranean mussel Mytilus galloprovincialis was conducted

in which mussels were manually collected in one mussel farm

and one natural bank on the north coast of the Campania

region (Italy).

In Italy, collections were made in a mussel farm in Campania

Region (Naples Bay) in February 2019 (N = 20), February 2020 (N =

20), November 2020 (N = 30), and April 2021 (N = 30). A sampling

was performed in a close natural bank in May 2020 (N = 30). Alfacs

Bay, located in the south of the Ebro delta (Western Mediterranean),

is a shellfish growing area where mussels and oysters are grown in

ropes hanging from rafts. Sampling in Alfacs Bay was conducted on

21 July 2020, 2 weeks after the beginning of the mortality event on 6

July 2020 as reported by the mussel farmers. Sampling in Alfacs Bay

was conducted in two sites, A (40°37’15.28’’N; 0°39’14.58’’E) and B

(40°37’1.98”N; 0°37’51.66”E) (Figure 1). The mussels were

transported to the laboratory alive in isothermal boxes. Prior to
frontiersin.org
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processing, the animals were measured for animal shell length, total

weight, and meat weight (MW) according to Galtsoff (1964).
2.2 Light microscopy

For animal histopathology, from each animal, a transverse section

including digestive tissue, gill, foot, and gonad was obtained and fixed

in Davidson’s solution for 72–96h. Fixed tissues were embedded in

paraffin blocks and sectioned at 3 µm with a rotary microtome

(Bioptica, Italy). Tissue sections were deparaffinised, stained with

Carazzi haematoxylin and eosin and a special stain such as Mallory’s

trichrome (Mazzi, 1977). Digital images and measurements were

obtained using an integrated Axioscope A1 (Zeiss, Germany) and

camera Axiocam 208.
2.3 PCR and qPCR for Perkinsus species
identification and presence evaluation

From each specimen, 25–30 mg of gonad, digestive tissue and

gills, preserved in TE buffer at −20°C, was taken for total genomic

DNA extraction using QIAamp DNAMini Kit (QIAGEN, Germany),

according to the manufacturer’s instructions (tissue protocol). The

DNA quality and quantity were measured with the use of a Nanodrop

spectrophotometer (Thermo Fisher Scientific) and stored at −80°C for

long-term preservation. Primers used in the study are listed in

Table 1. More in detail, PCR assays using the generic primers

PerkITS750/PerkITS85 (Casas et al., 2002) were carried out first to

detect Perkinsus spp. in all sampled mussels. PCR reactions were

carried out in 50 ml of final volume using the Mastermix GoTaq

polymerase (Promega) following the instructions of the
Frontiers in Marine Science 03
manufacturer. A positive control provided by IRTA institute

constituted by a clam infected P. olseni was included in each

reaction along with a negative control (master mix with no DNA).

Amplification parameters were performed as follows: An initial

denaturation of 4 min at 94°C followed by 35 cycle amplifications

(1 min at 94°C, 1 min at 53°C, and 3 min at 68°C) and a final

extension of 5 min at 68°C. The resulting PCR products were purified

and sent to an external sequencing fac i l i ty (Eurofins

Genomics, Germany).

To better define pathogen presence in the Italian samples, a more

sensitive procedure of real-time quantitative PCR (qPCR) was also

performed using primers Perk-ITS-qF1/Perk-ITS-qR2 (Rıós et al.,

2020) that amplifies the internal transcribed spacer region (ITS-1 and

ITS-2) of the gene complex that codes for ribosomal RNAs in P.

olseni. Wells were filled to a final volume of 10 µl, using 1 µl of DNA, 5

µl of Taq Universal SYBR green mix (Applied Biosystem), 0.5 µl of

each primer (10 µM), and 3 µl of distilled water. Amplification was

performed under the following conditions: denaturation for 10 min at

95°C, amplification by 40 cycles of 15 s at 95°C and 60 s at 60°C,

melting curve evaluation 1 min at 95°C, and increase of 0.5°C each 30

s starting in 60°C, end at 95°C for 15 s. All reactions were performed

using two technical replicates.
2.4 Phylogeny and haplotype analysis of
Perkinsus based on the ribosomal ITS region

The resulting ITS chromatograms (648 bp) were analyzed using

BioEdit software (v. 7.2). All generated sequences were searched for

identity using BLAST (Basic Local Alignment Search Tool) through

web servers of the National Centre for Biotechnology Information

(http://www.ncbi.nlm.nih.gov/). The sequences were also aligned with
FIGURE 1

Locations of sampling areas in Italy and Spain: Bay of Naples and Bay of Alfacs.
frontiersin.org

http://www.ncbi.nlm.nih.gov/
https://doi.org/10.3389/fmars.2023.1116837
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Carella et al. 10.3389/fmars.2023.1116837
the available sequences for Perkinsus spp. found in the GenBank

database using the MUSCLE algorithm. Maximum likelihood (ML)

analysis was conducted using MEGA version X software (Kumar

et al., 2004) with 1,000 replicates for calculating bootstrap values.

For the haplotype network analysis, ITS1 sequences of Perkinsus

obtained from Campania samples (n = 2) and Catalonia (n = 2) and

163 ITS1 sequences of P. olseni with geographic information

deposited in GenBank were used. Using MEGA X software,

sequence data were aligned by CLUSTAL W (Thompson et al.,

1994) at default settings. The haplotype network among 163 ITS1

sequences of P. olseni was constructed with the TCS network method

(Clement et al., 2000) using PopART (Leigh and Bryant, 2015).
2.5 Ray’s fluid thioglycollate medium
RFTM assay

RFTM has been considered the best assay for Perkinsus diagnosis

(Ray, 1963). In the mussel farm from Italy, starting from the samples

of 2020, aseptically excised small pieces (3–5 mm) of digestive gland,

gill, mantle, and muscle were in RFTM supplemented with

Chloramphenicol 2,5% w/v and Nystatin (4000 U ml−1) in the dark,

at for 6 days at 26°C. After incubations, the tissues were placed on a

glass slide, covered by a drop of Lugol’s iodine solution, cover-slipped

and examined under a light microscope (Zeiss Axioscope 5) at

different magnification (4×, 10×, and 20× objectives). The sample

resulted positive when blue–black hypnospores were observed.
3 Results

3.1 Animal histopathology

Perkinsosis prevalence in mussels from Italy was variable over the

years and seasons by light microscopy (Table 2). The highest

prevalence was detected in April 2021 with the 23% of the

affected individuals.

In Italy, typical features of Perkinsus-like cells with a trophozoite

characterized by a large vacuole and eccentric nucleus were generally

visible, accompanied by the typical production of many inflammatory

capsules of different dimensions and with an infection intensity from

moderate to high (Figures 2A–D). Chronic lesions, underlined by the

involvement of fibroblast, were observed in samples from April 2021.

The parasite developed in the connective tissue in the digestive gland,

between the tubules, in the connective stroma in the gonad, and in few

cases in the muscle of the foot. Within the capsule were visible

haemocytes phagocytising at different phases of development were
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visible, from multinucleate schizonts from four to eight cells.

Apoptotic haemocytes were also visible along with the production

of yellowish granules (Figures 2A, C, E). In Spain, sites A and B

showed animal mortality, 69% in site A and 17% in the site B. The

infection was visible through histopathology in two individuals (2/10)

in the site A and in one individual in site B. The inflammatory lesion

was intense and infiltrative, spreading in all the digestive tissue, with

total disappearance of tissue architecture. Moreover, differently from

animals in Italy, trophozoites of P. olseni were also observed in the gill,

a typical Perkinsus spp. tropism, and in the haemocyte vessels

(Figure 2F). Clusters of trophozoites were encapsulated in well-

circumscribed walls forming a cyst-like structure.
3.2 Disease diagnosis with RFTM, PCR,
and qPCR

After 6 days, RFTM-cultivated infected mussel stained with

Lugol’s iodine exhibited dark blue/black hypnospores in the

digestive gland and mantle tissue and rarely in the gill (Figures 3A,

B). In mantle, muscle, and digestive gland, hypnospores were

observed as clusters when the intensity was low or completely

dispersed. Comparison with PCR, qPCR, and cultivation methods

in the two areas showed variable prevalence. In Italy, qualitative PCR

reported values from 10 to 30% while detection was higher using

qPCR values between 30 and 35%. RFTM detection was comparable

with the qPCR although always more efficient than PCR from Casas

et al. (2002). In Spain, PCR found positive samples in 13.30% of the

animals in the two areas.
3.3 Molecular analysis: Perkinsus phylogeny
and haplotype

The infected animals resulted in positive detection for the genus-

specific primers for Perkinsus with a 648 bp amplicon. The species

identity was checked by sequencing followed by BLAST analysis

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). In samples from Italy,

BLAST analysis showed a 96% similarity of P. olseni with samples

from New Zealand, Australia, and Uruguay and in bivalves such as

Pitar rostrata, Astrovenus sp., and Haliotis sp., whereas in Spain, the

identity was 99% with samples from South Korea such as Anadara

granosa (GenBank Accession number: OP961719-OP961722).

The phylogenetic tree resulting from Maximum likelihood is

shown in Figure 4. All Perkinsus spp. sequences from this study

groups together P. olseni from Italian and Spanish mussels but places

them more distant from other P. olseni described in the clams from
TABLE 1 List of the primers used to detect Perkinsus spp. with PCR and qPCR in this study.

Primer Name Sequence Target species Reference

PerkITS-85 5′-CCG CTT TGT TTG GAT CCC-3 Perkinsus sp. Casas et al. (2002)

PerkITS-750 5′-ACATCAGGCCTTCTAATG ATG-3 Perkinsus sp. Casas et al. (2002)

Perk-ITS-qF1 5′- CTGACCGCCTTAACGGGC-3′ P. olseni Rıós et al., 2020

PerkITS-qR2 5′- CTATCTCCGAAGAGTTAGTCC-3 P.olseni Rıós et al., 2020
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Europe such as clams from Italy, France, and Spain. In Spain, in

particular, they are distant from Perkinsus sp. such as those from

Galicia and from sequences previously described from clams from the

Ebro Delta. The genetic distance between these isolates and other

isolates of P. olseni from different geographic locations ranged from

0.20 to 0.31. The pairwise genetic distance between the P. olseni

isolates from Campania with those of Spain varied from 0. 31 to 0.27,

respectively (Supplementary Table 3).

We found 20 different ITS haplotypes among 163 ITS sequences

(Figure 5). One of the biggest haplogroups was composed of

haplotypes from Asian countries (Korea, Thailand, and Japan),

Europe (Spain, Italy, and France), and few sequences from Brazil.

The other haplotypes were divided into the two major haplogroups,

which were separated by at least three nucleotide differences.

Perkinsus sp. in mussels from Aflacs Bay was grouped in another

haplogroup containing sequences of bivalves from Europe, New

Zealand, Japan, and Korea. The sequences from New Zealand

belonged to the New Zealand cockle Austrovenus stutchburyi. P.

olseni in Naples Bay belonged to an isolated haplogroup close to

the Aflacs Bay haplogroup.
4 Discussion

This is the first report of P. olseni in Mytilus galloprovincialis in

the Mediterranean Sea. Perkinsosis due to Perkinsus olseni in an OIE-

listed disease impacts on the health and fitness of populations of many

bivalve species (Villalba et al., 2004). Previous works reported the

presence of Perkinsus species in other mytilidae group, in Japan and

Argentina, also describing strong inflammatory lesions connected to

the pathogen presence. P. marinus and P. olseni are the most

devastating species and associated with massive mortalities and

economic loss. P. olseni typically parasitizes Manila clams in

Europe and Asia, the carpet shell R. decussatus in Europe as well as

a the gastropod Haliotis ruber in the South of Australia (Lester and

Davis, 1981).
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Recent advancement of the in vitro culture of Perkinsus spp.

improved the understanding of the biology of the parasite, its

pathogenicity and virulence and the impact on the host like clams and

abalone (La Peyre, 1993; Soudant et al., 2013; Ruan et al., 2019). On the

other side, literature report that mussels could be less affected by

infectious agents compared with other bivalves’ species (Auguste et al.,

2020; Moreira et al., 2020). Because of the scarce knowledge on mussel–

Perkinsus relationship, it is critical to define the potential negative effect

on this new host and consider pathogen prevalence, intensity, and aspects

of the inflammatory response. Perkinsosis is a parasitic disease that

develops essentially on an inflammatory basis. In clams, the parasite

destroys the epithelia and damages the basal membranes of digestive

tissues and gills. It is distributed in different tissues and organs, causing an

intense inflammation characterized by the formation of infiltrates,

nodules, and capsules, to surround and destroy the pathogen,

incorporated in an abundant visible PAS-positive substance, a lectin,

secreted by the haemocytes (Montes et al., 1995; Montes et al., 1996; Kim

et al., 2006; Soudant et al., 2013). In mussels from this study, P. olseni

showed different tropisms, rarely present in the epithelia, a feature

observed in other bivalve species such as the blood cockle Anadara

kagoshimensis from Korea (Cho et al., 2022) and in other mussel species

(Itoh et al., 2019; Vazquez et al., 2022). In the Mediterranean mussel,

Perkinsus spp. trophozoites were mainly present into haemal spaces in

the vesicular connective tissues that surround mussel digestive and

reproductive organs, extending into the mantle. Haemocytes, probably

granulocytes, perform phagocytosis accompanied by the formation of a

capsule to guarantee pathogen elimination. In many cases, recruited

granulocytes go through apoptosis, a mechanism that can be part of the

mussel immune response or that could be performed by the parasite to

evade host immune defence (Soudant et al., 2013). For example,

Perkinsus marinus was found to modulate apoptosis of eastern oyster

haemocytes challenged in vitro (Hughes et al., 2010).

Pathogen preference for specific tissues can have an impact on

its life cycle and expansion into the host. For example, it may promote

its persistence into the tissue, amplify transmission potential, and it

can be associated with key virulent phenotypes. P. olseni is defined as
TABLE 2 Survey results of Perkinsus infection in the blue mussel, M. galloprovincialis collected from Campania region and Ebro Delta. n.p.: analysis not
performed.

Location Sites Dates Species n Shell height (mean
± SD mm)

Prevalence
histology

Prevalence
PCR

Prevalence
qPCR

RFTM

1 Naples, farm 7th February,
2019

M.
galloprovincialis

20 56.5 ± 6.1 4/20 = 20% 5/20 = 25% 6/20 = 30% n.p.

2 Naples, farm 21th February
21, 2020

M.
galloprovincialis

20 28.1 ± 4.2 3/20 = 15% 6/20 = 30% 7/20 = 35% 5/20 =
25%

3 Naples, farm 27th

November,
2020

M.
galloprovincialis

30 59.4 ± 7.7 6/30 = 20% 7/30 = 23% 9/30 = 30% 8/30 =
26%

4 Naples, farm 7th April, 2021 M.
galloprovincialis

30 65.6 ± 8.1 7/30 = 23% 9/30 = 30% 9/30 = 30% 9/30 =
30%

5 Bagnoli,
natural bank

7th May, 2020 M.
galloprovincialis

30 40.4 ± 4.6 2/30 = 6,6% 3/30 = 10% n.p. n.p.

6 Ebro Delta A 20th July, 2020 M.
galloprovincialis

10 61.7 ± 5.9 2/10 = 20% 2/10 = 20% n.p. n.p.

7 Ebro Delta B 20th July, 2020 M.
galloprovincialis

10 60.6 ± 6.5 1/10 = 10% 2/10 = 20% n.p. n.p.
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FIGURE 2

Histopathology of mussels affected by Perkinsosis in mussels (M. galloprovincialis) in Italy and Spain. (A, B) typical feature of the inflammatory lesion (big
arrows) with haemocytes (*) related to Perkinsus (small arrows): haemocytes nodulation in gonadal follicle (A) and the interstitial space of digestive
tubules (B) big arrows. (C) detail of the reactive connective tissue, underlined by Mallory Trichrome in light blue with inflammatory capsules (arrows); (D)
detail of a capsule in the connective tissue space with haemocyte (h) phagocyting trophozoite of Perkinsus (arrow); (E) inflammatory capsule displaying
apoptotic haemocytes (arrow) with visible trophozoite. (F) Perkinsus (arrows) in the gill (G) haemal vessel in samples from Spain; E, epithelium.
FIGURE 3

Ray’s fluid thioglycolate medium (RFTM) assay. (A) Perkinsus hypnospores in very heavy infection in M. galloprovincialis in Campania in digestive tissue
(DG), muscle (M) and mantle (A) and connective tissue close to the gills (G) (B).
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BHR, as other Perkinus species such as P. mediterraneaus, P.

chesapeaki, and P. beihaiensis presenting a Broad Host Range

possibility, similarly to the trend observed for and Marteilia

refringens that can affect both oysters and mussels (Itoïz et al.,

2022; Le Roux et al., 2001; Carella et al., 2010; Carrasco et al., 2012;

Arzul et al., 2014; Guo and Ford, 2016). Direct impact of
Frontiers in Marine Science 07
transboundary animal diseases in aquaculture is a significant

limitation for living animal’s international trade, causing a high

socio-economic impact on aquaculture exporting nations.

Considering Perkinsus plasticity to many bivalve species, like other

mollusc’s pathogens, recognized international organizations should

take this into account in the view of possible cross infection.

The RFTM assay was effective in detecting Perkinsus infection,

and qPCR was the most sensitive in define pathogen presence. Both

methods can be advised to detect a new infection and its prevalence in

a given area. The result of phylogeny strongly suggests parasite

transfer from clams of Asia and Australia, providing evidence that

P. olseni from Italian and Spanish mussels are grouped together, but

are genetically distant from other P. olseni described in Europe (Italy,

France, and Spain). Moreover, haplotype network analysis revealed

one haplogroup for mussels in Italy and another haplogroup for

mussels in Spain, strictly linked to clams from Asia, America, and

New Zealand.

The One Health approach acknowledges the connection of

human, animal, and ecosystem health. TAADs are highly

transmissible, spread very quickly through national borders, causing

serious socio-economic consequences. More research is necessary for

biosecurity and protection of valuable marine food resources for a

growing human population. In the absence of proper surveillance of

stocks, the movement of mussels could increase the risk of

introduction into other areas and in the local natural population. In

Europe, surveillance efforts regarding mollusc diseases is different

between Member States and partly depends on the amount and the

diversity of the shellfish production. Developing an environmentally

friendly and competitive farming practice is a priority objective of the

EU to reach high standards in terms of animal/human health and

consumer protection. Mussel aquaculture accounts for 15% of the

global bivalve production. In Europe, Italy is the second main

producer after Spain, with about 64,000 tonnes produced per year

and considered one of the largest European markets with an average

consumption of 120,000 tonnes per year (FAO Fisheries and
FIGURE 5

TCS network of 163 ITS1 haplotypes of Perkinsus olseni estimated by PopART. Each line between haplotypes indicates a single nucleotide substitution.
The size of each circle is proportional to the absolute haplotype frequency, small black circles represent missing haplotypes, and color shows localities
where each haplotype was observed.
FIGURE 4

Evolutionary analysis by Maximum Likelihood method of Perkinsus
spp. ITS sequences. The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. This analysis
involved 41 nucleotide sequences. There was a total of 794 positions
in the final dataset.
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Aquaculture Circular, 2020; European Market Observatory for

Fisheries and Aquaculture Products (EUMOFA), 2019).

In our study, P. olseni prevalence of infection showed a slight

pattern of seasonality, as it was higher in warmer seasons than in

coldest. Literature reports that this tendency could be due to seasonal

seawater temperature changes, as relatively higher temperature

during warmer seasons may stimulate P. olseni proliferation.

The complex outcome of host–parasite interactions is regulated

by different aspects including host biology and immune defence,

pathogen virulence, and abiotic factors. Unfortunately, due to the lack

of feedback from mussel farmers in Naples Bay, we have no data on

possible mortality episodes in the area and how the presence of

Perkinsosis could potentially be involved in the fluctuations of the

population. Data of mortality are only present from Alfacs Bay, but

we cannot conclude that its presence was the trigger of the event.

Other studies are needed to define pathogen biology and virulence. P.

olseni presence in mussels in more than one region of Europe raises

possible concerns, considering the high economical value of mussels

for the local aquaculture sector in both Italy and Spain.
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