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ABSTRACT

This work investigated the occurrence of Perkinsus sp. in clam Anomalocardia brasiliana, oyster Crassostrea sp.
and mussel Mpytella falcata from the Jaguaribe River estuary, northeastern Brazil. The collection of clam (N = 300),
oysters (N = 300) and mussels (N = 300) were carried out in the estuary of the Jaguaribe River, Ceara, in March and
April (rainy season) and October (dry season) in 2017. The mollusks were measured in their major axis, open, and
had their tissues submitted to tissue incubation techniques in Ray’s fluid thioglycollate medium (RFTM), histology,
real-time polymerase chain reaction (QPCR), PCR and sequencing. The RFTM assays showed Perkinsus sp. infecting
the three mollusks investigated. The prevalence of infected clams was 1.33% in both sampling periods, oysters ranged
from 2.66 (rainy season) to 8% (dry period), and mussels from 0% (dry period) to 51.33% (rainy season). The intensity of
infection was very light to light in clams, very soft to severe in oysters and very soft to moderate in mussels. Histological
analyses showed cells of Perkinsus sp. infecting the gills and connective tissue around the digestive gland of some
individuals. The qPCR generated amplicons in all positive samples in RFTM, confirming the presence of Perkinsus sp.,
while the sequencing evidenced high similarity (99%) with the species P. beihaiensis. In conclusion, the results obtained
contribute to increasing knowledge about the occurrence of Perkinsus sp. in bivalve mollusks from northeastern Brazil.
Keywords: Bivalve. Disease. Perkinsus.

RESUMO

Foi investigada a ocorréncia da infecgdo pelo protozoario Perkinsus sp. em berbigdes Anomalocardia brasiliana, ostras
Crassostrea sp. e mexilhoes Mytella falcata do estuario do Rio Jaguaribe, Nordeste do Brasil. As colheitas dos berbigdes
(N =300), ostras (N = 300) e mexilhdes (N = 300) foram realizadas no estudrio do Rio Jaguaribe, Ceard, nos meses de
margo e abril (periodo chuvoso) e outubro (periodo seco) de 2017. Os moluscos foram medidos em seu maior eixo,
abertos e os seus tecidos foram submetidos as técnicas de incubagdo de tecidos em meio fluido de tioglicolato de Ray
(RFTM), histologia, rea¢do em cadeia da polimerase em tempo real (QPCR), PCR e sequenciamento. Os ensaios de
RFTM evidenciaram Perkinsus sp. infectando os trés moluscos investigados. A prevaléncia de berbigoes infectados foi
de 1,33% em ambos os periodos de amostragem, a de ostras variou de 2,66 (periodo chuvoso) a 8% (periodo seco) e a
de mexilhdes de 0% (periodo seco) a 51,33% (periodo chuvoso). A intensidade de infec¢do apresentou-se muito leve
a leve em berbigdes, muito leve a severa nas ostras e muito leve @ moderada nos mexilhdes. As andlises histologicas
mostraram células de Perkinsus sp. infectando as branquias e tecido conjuntivo em torno da glandula digestiva de alguns
individuos. A qPCR gerou amplicons em todas as amostras positivas em RFTM, confirmando a presenga de Perkinsus sp.,
enquanto o sequenciamento mostrou alta similaridade (99%) com a espécie P. beihaiensis. Em conclusao, os resultados
do presente estudo contribuem para ampliar o conhecimento sobre a ocorréncia de Perkinsus sp. em moluscos bivalves
do Nordeste do Brasil.

Palavras-chave: Bivalve. Enfermidade. Perkinsus.
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Introduction

Bivalve mollusks are distributed in different regions
of the world, among them, estuarine regions along the
Brazilian coast, therefore, constituting important fishing
resources. These animals can be infected by protozoa
belonging to the genus Perkinsus, which has two species
of mandatory notification to OIE, P. marinus and P, olseni,
which have been associated with severe economic losses
(Villalba et al., 2004). Perkinsus sp. was first identified in
1950 in the oyster Crassostrea virginica in the United States
(Mackin et al., 1950), but only in 2005 a representative
of this genus (Perkinsus olseni) was registered in South
America, infecting the bivalve Pitar rostrata in Uruguay
(Cremonte et al., 2005).

In Brazil, Perkinsus sp. was reported for the first time in
the native oyster Crassostrea rhizophorae from the Pacoti
River estuary, Ceard state, in the country’s northeastern
region (Sabry et al.,, 2009). Later, another study indicated
that the species that was infecting the oysters from this
estuary was P. beihaiensis (Sabry et al., 2013). Since then,
other studies have reported the occurrence of Perkinsus sp.
in oysters of the genus Crassostrea from several regions
(Brandao et al., 2013; Dantas et al., 2015; Luz et al., 2018;
Scardua etal., 2017). It is worth noting the record, in 2016,
of the species P. chesapeaki, detected for the first time in
South America, infecting oysters from the Jaguaribe River
estuary, Ceara (Dantas et al., 2016). In Veneridae, in Brazil’s
northeastern region, only one study recorded the occurrence
of P, beihaiensis infecting the clam Anomalocardia brasiliana
(Ferreira et al., 2015).

Over the years, with the intensification of the studies,
P. marinus was found infecting oysters from estuaries of
the states of Paraiba (Silva et al., 2013), Sergipe (Silva et al.,
2014), Ceard (Dantas, 2015) and Bahia (Pinto et al.,,
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2016) and, recently, in C. gigas from cultivation and
C. gasar (native) from the State of Santa Catarina, southern
Brazil (Cunha et al., 2019), while P. olseni was detected
in C. gasar from the Sao Francisco River estuary, Sergipe
(Silva et al., 2014). Despite advances of the research in the
region, knowledge about the impact of this protozoan on
the host is still little understood.

In the estuaries of the Cearad state, bivalve mollusks are
exploited in an extractive way, but the region is promising for
future cultivations, requiring, therefore, constant monitoring
of native populations. As observed, the occurrence of
Perkinsus sp. is more advanced in oysters, requiring more
studies that assess other bivalves affected by this protozoan.

In this way, this work investigated the occurrence of
Perkinsus sp. in three species of important mollusks from
the estuary of Jaguaribe River, Ceard, Brazil.

Material and Methods

In 2017, during the months of March and April
(rainy season) and October (dry season) in northeastern
Brazil, specimens of clam A. brasiliana (N = 300), oysters
Crassostrea sp. (N = 300) and mussels M. falcata (N = 300)
were collected from the sandy/muddy substrate and
the roots of the red mangrove Rhizophora mangle from
the Jaguaribe River estuary, Ceara State (04°27°39.21”S,
37°47°31.68”W). In the laboratory, the animals were
measured on their largest axis (Galtsoff, 1964), open,
and had their tissues submitted to incubation techniques
in Ray’s fluid thioglycollate medium (RFTM), histology,
real-time polymerase chain reaction - qPCR, PCR and
sequencing, to investigate the presence and/or absence of
Perkinsus sp. In the rainy season, the average size of the animals
was 2.26 cm + 0.12; 6.0 cm + 0.63 and 3.43 cm + 0.20, for
clam, oysters, and mussels, respectively. In the dry period, the
average size was 2.35 cm £ 0.13 (clam), 6.55 cm + 0.98 (oysters),
and 3.27 cm + 0.22 (mussels).

Tissue incubation in RFTM

Two gill lamelae and the rectum of each animal were
incubated in RFTM (Ray, 1966) containing antibiotics
(penicillin/streptomycin) and antifungal (Nystatin) for
7 days in darkness and at room temperature. After the
incubation period, the fragments of tissues were macerated
on a histological slide and stained with 3% iodine solution.
The preparation was observed under light microscope as to
the presence of spherical, blue or black-bluish hypnospores
of the genus Perkinsus. The intensity of the infection was
estimated according to the Mackin scale (Ray, 1954),
modified by Sabry et al. (2009).
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Histology

A transversal section of 30 animals/species/period of
the year, containing gills, gonads and digestive gland was
excised and fixed in Davidson’s solution (Shaw & Battle,
1957) for 24 h. After inclusion in histological paraffin at
60 °C, sections of 5 um were prepared and stained with
Harris hematoxylin and eosin (H&E) (Howard et al.,
2004) and the tissues analyzed under light microscopy
as to the presence of Perkinsus sp. and tissue changes.
The prevalence of Perkinsus was defined as the number of
infected animals divided by the total number of animals
analyzed (Bush et al., 1997).

Detection of Perkinsus sp. by polymerase chain
reaction (qPCR and PCR)

Allanimals had their gill tissues preserved in 95% alcohol
for real-time PCR analysis (QPCR) but only 97 positive animals
in the RFTM assays were subjected to this technique. Total
genomic DNA extraction was performed with a DNAzol®
kit (Invitrogen) following the manufacturer’s instructions.
After that, the extracted DNA was quantified in a Nanodrop
2000 spectrophotometer (Thermo Scientific, Waltham, MA,
USA) at 260nm. DNA extracted from Perkinsus beihaiensis
cells was used as a positive control. For negative control,
the DNA was replaced by nuclease-free water.

A pair of primers for real-time PCR assays was designed
by sequence alignment of the region ITS of Perkinsus sp.
using the software Geneious R11. The qPCR reactions,
using the ABI 7500 Real Time PCR System (Applied
Biosystems®) platform, were made in a final volume of
10 pL containing 5 pL of Platinum® SYBR® Green qPCR
SuperMix-UDG (Invitrogen®), 0.3 uL of the primer Perkinsus
(RT) -F (TGCCTCGGCTCGAGAATC), 0.3 uL of the
Perkinsus primer (RT) -R (TTCTGCAAATCGCAGTGCTT),
0.2 uL ROX reference dye, 1 uL DNA and 3.2 pL of ultra-pure
water (Invitrogen®). The thermocycling conditions used
were 50 °C/2 min, 95 °C/2 min, followed by 40 cycles of
95 °C/15 s and 60 °C/30 s.

PCR reactions were performed in a final volume of
25 uL containing 50-100ng template DNA, 1x PCR buffer,
1.5mM MgCl2, 0.2mM of each ANTP, 0.8mM of the primers
Perk ITS 85 (CCGCTTTGTTTGGATCCC) and Perk ITS
750 (ACATCAGGCCTTCTAATGATG) (Casas et al., 2002)
and 1 unit of Taq DNA polymerase (Invitrogen). The protocol
included a DNA denaturation at 94 °C for 10 min, and
35 cycles of amplification at 94 °C (1 min), 55 °C (1 min)
and 72 °C (1 min), followed by a final extension at 72 °C for
10 min. PCR products were separated by electrophoresis
in 1.5% TAE agarose gel and stained with Blue Juice™.

DNA sequencing

The direct sequencing for PCR products was carried out
for positive samples. Reactions were performed using the
sequencing kit BigDye™ Terminator v3.1 Cycle Sequencing
(Applied Biosystems™). For each sequencing reaction, 2 pL
of BigDye; 1 uL of proprietary 5x buffer, 0.5 to 2.5 pL of
purified DNA, 0.32 pL primer (3.2pmol) and enough water
for a total reaction volume of 10 uL were used. All samples
were sequenced in the forward and reverse directions.

The sequencing reaction was performed in a Techne
Flexigene® PCR Thermal Cycler under the following
thermocycling conditions: initial denaturation at 96 °C for
4 min, followed by 25 cycles (96 °C for 10 sec, 50 °C for
5 sec, 60 °C for 4 min). The purification of the products of
the sequencing reaction was carried out by adding 40 uL of
isopropanol (65%) per reaction. At the end, the samples were
resuspended in formamide, denatured at 95 °C for 5 min
and read on the ABI 3500 automatic capillary sequencing
platform (Applied Biosystems).

The phylogenetic tree was produced through the
neighbor-joining algorithm (Saitou & Nei, 1987), using
the distance of model Kimura 2 parameters (Kimura,
1980), missing pair deletion and 1,000 bootstrap replicates
(Felsenstein, 1985).

Results and Discussion

The RFTM assays revealed the presence of hypnospores
of Perkinsus sp. infecting the tissues of the clams (4/300),
oysters (16/300) and mussels (77/300) in the rainy and
dry period. The enlarged and spherical cells presented a
size ranging from 5-55 um in diameter, stained in black

by iodine solution (Figure 1), as described by Choi & Park

Figure 1 —Hypnospores of Perkinsus sp. (arrows) in gill tissues of
Crassotrea sp. after incubation in RFTM and stained
with iodine solution. Scale bar =20 pm.
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(2010) and similar to those observed in other mollusks from
the Brazilian coast (Brandao et al., 2013; Queiroga et al.,
2015; Sabry et al., 2009).

The average prevalence of infected clams was 1.33% in both
sampling periods, oysters ranged from 2.66% (rainy season)
to 8% (dry season) and mussels from 0% (dry season) to
51.33% (rainy season). In the rainy season, the prevalence of
Perkinsus sp. was low, except for that observed in M. falcata,
which was considered moderate. The low prevalence observed
in A. brasiliana of this study (1.33%) was lower than that
observed in the same species (14.7%) from the estuary of
Timonha River, Ceara (Ferreira et al., 2015).

In recent years, the prevalence of Perkinsus observed
in oysters from different regions of the country has varied
considerably and, although the value found in this study
(8%) has been lower than that recorded in oysters from
that same estuary in 2015 (17.3%) and in oysters from
Carnaubeira River in Maranhio (10.6%), the same was
higher than the values recorded in oysters from the estuaries
of the Rivers Camurupim, in Piaui (5.3%) (Dantas et al.,
2015) and Pacoti, in Cearad, in 2009 and 2010 (Sabry et al.,
2013). In other states of the northeastern region, the
prevalence of Perkinsus recorded in the RFTM assays has
been higher than the values mentioned above (Luz et al.,
2018; Queiroga et al., 2015; Scardua et al., 2017; Silva et al.,
2016). In the present study, the infection intensity ranged
from very light to light (clams), very light to severe (oysters)
and very light to moderate (mussels).

Histological analyses in the three species of mollusks
showed the presence of Perkinsus trophozoites in the
gills and connective tissue around the digestive gland.
The trophozoites were spherical and with a vacuole occupying
the most of the cytoplasm (Figure 2). In the rainy season,
positive animals in RFTM and that were diagnosed by
histology, presented prevalence of 10%, 10% and 23.3%, for
A. brasiliana, Crassostrea sp. and M. falcata, respectively.
In the dry period, the highest prevalence of Perkinsus sp.
was observed in oysters (30%). In general, histological
analyses revealed few trophozoites in the tissues, without
damage to the epithelium of the digestive tract or to the
gill tissue, without hemocytic infiltration and phagocytosed
trophozoites. These results were similar to those found by
Sabry et al. (2013), which did not observe any alteration
in infected tissues of C. rhizophorae. On the other hand,
Perkinsus cells were observed phagocytosed in the tissues
of Crassostrea gasar, indicating a defense response of the
host (Queiroga et al., 2015). Also, recent studies with
oysters from Bahia showed that the animals infected with
P. beihaiensis presented hemocytes infiltration and tissue

Figure 2 — Perkinsus sp. (arrow) infecting the connective tissue
of Anomalocardia brasiliana, collected in the estuary
of the Jaguaribe River, Ceara. Scale bar = 10 pm.

disorganization (Luz & Boehs, 2016; Luz et al., 2018). As can
be observed, the effects of infection by this pathogen on
the host need to be better understood.

From the 97 samples positive for Perkinsus in RFTM
assays and submitted to real-time PCR analysis (QPCR) for
confirmation, 74 cases were confirmed. In this study the pair of
primers proposed for the detection of Perkinsus sp. by qPCR,
produced amplified fragments of expected size in all positive
samples, confirming the presence of Perkinsus sp. Analyses of
fragments from the region ITS of Perkinsus amplified by gPCR
resulted in amplicons with approximately 70bp, confirming
76.29% (74/97) of RFTM-positive animals. As observed,
23 animals showed a negative result in qPCR, suggesting the
low intensity of Perkinsus cells in the infected tissues or they
did not contain cells of the pathogen. Differences in results
between diagnostic techniques have been associated with low
amount of tissue and low infection intensity (Brandao et al.,
2013; Sabry et al., 2009, 2013) and also the use of different
organs in the techniques used for the diagnosis (Luz et al.,
2018). In another study, Dantas et al. (2016) found different
results between the techniques of conventional PCR and
qPCR, confirming the greater sensitivity of the latter for
detection of Perkinsus sp.

The result of product sequencing of the PCR-positive
sample reached the coverage of 616bp of the gene region of
the ribosomal RNA, including the ITS1 partial region, the
full region 5.8S rRNA, and the ITS2 partial region. These
sequences presented homologies of 99% identity with the
sequences of P, beihaiensis from Brazil (Cunha et al., 2019;
Ferreira et al., 2015; Queiroga et al., 2015; Sabry et al.,
2009), from China (Moss et al., 2008) and from Panama
(Pagenkopp Lohan et al.,, 2016).
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P. chesapeaki KU172670 Pangenkopp Lohan et al. 2016 Panama
P. chesapeaki KU676214 Dantas et al. 2016 Brazil
P. chesapeaki KU678212 Dantas et al. 2016 Brazil
P. chesapeaki KU678213 Dantas et al. 2016 Brazil
P. chesapeaki KU676215 Dantas et al. 2016 Brazil

9%

100

P. chesapeaki KF314812 Carrasco et al, (u) Spain
P. chesapeaki EU319487 Reece et al. (u) USA
99 LP chesapeaki AY876304 Burrenson et al. 2005 USA

P. honshuensis DQ516696 Dungan and Reece 2006 Japan
P. mediterraneus AY487834 Casas et al. 2004 Spain

99 - P. olseni KP160932 Queiroga et al 2015 Brazil
P. olseni AY820757 Park et al. 2006 Korea

P. marinus U0T700 Goggin 1994 USA
P marinus AY295180 Brown et al. 2004 USA

~ P. beihaiensis EU068080 Moss et al. 2008 China
|P beihaiensis KP160919 Queiroga et al. 2015 Brazil

IP. beihaiensis KF730251 Ferreia et al. 2015 Brazil

P. beihaiensis MK880351 CE - this study

P. beihaiensis MK253299 Cunha et al. 2019 Brazil

P. beihaiensis KU172668 Pagenkopp Lohan et al. 2016 Panama

9

P. beihaiensis FJ472346 Sabry et al. 2009 Brazil

—
0.02

P. qugwadi AF151528 Burrenson et al. 2005 Canada

Figure 3 —Neighbor-Joining tree based on the method of distance Kimura 2 parameters (Kimura, 1980), including sequences from the
Genbank database. Numbers plotted in the branches represent bootstrap support after 1,000 replicates (Felsenstein, 1985).

The rate variation between sites was modeled with a
80 were plotted.

The neighbor-joining tree grouped the sequence of this
study (MK880351) into a clade including all sequences
classified as P. beihaiensis (Figure 3), indicating a close
phylogenetic relationship between the sequences of
Perkinsus sp. from Brazil (identified in previous studies),
China, and Panama. Therefore, the results strongly suggest
that the sequence of the gene region studied in the host
Crassostrea sp. is the species P. beihaiensis.

The present work confirmed once again the presence
of P. beihaiensis in the oyster Crassostrea sp. and expanded
the occurrence of Perkinsus sp. in Anomalocardia brasiliana
and Mytella falcata from the Jaguaribe River estuary, Ceara.
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