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Abstract

The aim of this study was to report on detection of Toxoplasma gondii DNA in oysters (Crassostrea sp.) in the state
of Maranh&o. To conduct this study, 200 farmed oysters were acquired in the municipality of Raposa and 100
in Pago do Lumiar; and a further 100 oysters were taken from the natural stock in the municipality of Primeira
Cruz. This total of 400 specimens sampled was divided into 80 pools composed of five animals each. The gills
and visceral mass of each oyster were removed for DNA extraction (per pool of oysters), using a commercial kit.
The nested PCR technique (with the primer SAG-1) was then used to investigate any presence of protozoa. This
molecular technique demonstrated the presence of DNA of T. gondiiin 2.5% of the pools of oysters (n = 2/80): these
oysters were exclusively from farms. The results from this study allow the conclusion that oysters of the genus
Crassostrea that are farmed in the state of Maranhao are capable of filtering oocysts of T. gondii and maintaining
them in their tissues. They are therefore potential sources of contamination for humans and other animals.
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Resumo:

Objetivou-se com este estudo relatar a deteccdo do DNA de Toxoplasma gondii em ostras (Crassostrea sp.) no
estado do Maranhdo. Para a realizacdo do estudo foram adquiridas 200 ostras de cultivo do municipio de Raposa,
e 100 de Pago do Lumiar, além de 100 ostras extraidas de estoque natural do municipio de Primeira Cruz. Do total
de 400 exemplares amostrados, formaram-se 80 pools em que cada pool foi constituido por cinco animais.
De cada ostra foi procedida a retirada das branquias e massa visceral, seguido da extracdo de DNA de cada poo/
de ostras, com a utilizacdo de kit comercial. Posteriormente, realizou-se a pesquisa do protozoario por meio da
técnica de nested PCR (primer SAG-1). Com a técnica molecular utilizada, foi diagnosticado o DNA do protozoario
pesquisado em 2,5% (n=2/80) pools de ostras oriundas exclusivamente de cultivo. Com os resultados obtidos
neste estudo, conclui-se que ostras do género Crassostrea sp., cultivadas no estado do Maranhao, sdo capazes
de filtrar e manter nos seus tecidos oocistos de T. gondii, sendo, portanto, fontes potenciais de contaminac¢ao
para seres humanos e outros animais.
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Introduction

Toxoplasma gondii is the etiological agent of toxoplasmosis, a disease that has worldwide distribution and which
can infect all warm-blooded vertebrates, including humans (Dubey, 2010). It has been estimated that more than
a third of the human population is infected with T. gondii (Djurkovi¢-Djakovi¢ et al., 2019).

Ferreira et al. (2013) stated that transmission of T. gondii to humans can occur at three developmental stages
of this protozoon: (i) from sporulated oocysts, orally through intake of water or food contaminated with oocysts
that are present in the environment and are eliminated in the feces of young felids; (ii) from bradyzoites, orally
through ingestion of tissue cysts in raw and undercooked meat originating from intermediate hosts; and, (iii) from
tachyzoites, through vertical transplacental transmission.

Improper disposal of domestic sewage and industrial effluents and dispersal of residual water containing feces
from domestic animals and humans are potential causes of contamination of the environment by protozoa of
the phylum Apicomplexa, like T. gondii. Therefore, use of contaminated water and mollusks is an important point
to be considered from a public health point of view, in studies on zoonotic protozoa (Giangaspero et al., 2014;
Sutthikornchai et al., 2016).

The cosmopolitan distribution of oysters, along with their sessile living habit and the efficiency of their filtration
compartment, makes them capable of bioaccumulation of pollutants, including heavy metals, hydrocarbons,
chlorinated hydrocarbons, microplastics, radionuclides and parasites from human and animal waste. Consequently,
they are considered to be excellent beacons for monitoring the health of estuarine ecosystems (Palos Ladeiro et al.,
2013; Marquis et al., 2019; Gyawali & Hewitt, 2020).

T. gondii was detected in oysters (Crassostrea gigas) under cultivation in Lago di Varano (southern lItaly), by
means of nested PCR and real-time PCR (Putignani et al., 2011); and in oysters (Crassostrea virginica) on the coast
of Maine (USA), by means of quantitative PCR (Marquis et al., 2019). In Brazil, using nested PCR, the parasite was
identified in oysters (Crassostrea rhizophorae) that were destined for sale and consumption in fish markets in Sao
Paulo (Esmerini et al., 2010), and that were obtained from the southern coastal region of Bahia (Ribeiro et al., 2015).

Oysters are considered to be a delicacy worldwide, including in Brazil, and can be harvested either from natural
beds or from cultivations (Souza et al., 2012; Giangaspero et al., 2014). The Brazilian state of Maranhao has a very
long coastline (approximately 640 km in length), which gives it major potential for development of oyster aquaculture.
Estuarine areas along the coast of Maranhdo present natural occurrences of two native oyster species in the genus
Crassostrea (Franca et al., 2013): C. gasar and C. rhizophorae (Lopes et al., 2018).

Monitoring occurrences of zoonotic protozoa in oysters is important for ascertaining whether their consumption
might present a risk to human health. Moreover, such occurrences may serve as bioindicators or contamination.
In this light, the present study was conducted with the aim of detecting the DNA of T. gondii in oysters (Crassostrea sp.)
in the state of Maranhdo.

Material and Methods

The study location was chosen as a function of where in the state of Maranhdo activities of extraction and
farming of oysters are conducted. Thus, the oysters used in this study were acquired from seafood farmers in the
municipalities of Pago do Lumiar (02° 31" S and 44° 06’ W) and Raposa (02° 25’ S and 44° 06" W) and from seafood
gatherers in the municipality of Primeira Cruz (02° 33'S and 43° 21" W) (Figure 1).

After acquisition, the oysters were transported in plastic bags that were kept in cooler boxes with recyclable
ice, for not more than 12 hours, to the physicochemical laboratory for food and water of the State University of
Maranhdo (UEMA). In this laboratory, the external surfaces of the oyster shells were washed with distilled water
and any epibionts were removed with the aid of cutting and drilling instruments and brushes.

Between September and December 2018, 400 live specimens of oysters were acquired: 200 from farms in
Raposa, 100 from farms in Paco do Lumiar and 100 from the natural stock in Primeira Cruz. These were grouped into
80 pools of five animals each. The sampling design of this study followed the protocol proposed by Esmerini et al.
(2010). From each pool, the gills and the region of the digestive glands (named the “visceral mass"” for the purposes
of this study) were removed. This protocol resulted in formation of two sample groups of 80 pools each, thus now
totaling 160 pools: (i) 80 pools for the gill group; and (ii) 80 pools for the visceral mass group.
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Figure 1. Oyster collection sites in the state of Maranhdo.

The animals were measured to obtain their height (the distance between the umbo and the posterior extremity of
the shell) and length, using calipers with a precision to the nearest 0.01 mm. They were then weighed to determine
the total mass, on a digital scale with precision to the nearest 0.001 g.

Groups of five animals were formed based on these animals’ similarity of morphometric characteristics and
were numbered. The oyster valves were then opened with the aid of a knife and the oysters were removed from
their shells and weighed on a digital scale with precision to the nearest 0.001 g. Next, with the aid of scissors, the
gills and portions of the visceral mass were removed and weighed. The pools, as described above, were then stored
at -20 °C, separately in 1.5 mL microtubes that were duly identified.

Subsequently, the samples were defrosted and the tissues (gills and visceral mass) of the sampling groups
were macerated in a mortar using a pestle. Thus, each sample consisted of either gill tissue or visceral mass from
five animals. Next, aliquots of approximately 0.5 mL were placed in sterile microtubes of capacity 2 mL and these
were stored at -20 °C until the time of extraction of deoxyribonucleic acid (DNA).

The steps of the DNA extraction and the polymerase chain reaction (PCR) were performed in the molecular
biology laboratory that forms part of the multiuse postgraduate laboratory of UEMA. These procedures were done
between January and March 2019.

The Wizard® genomic DNA purification kit (Promega) was used for DNA extraction in accordance with the
manufacturer’s guidelines, with some adaptations regarding the sample amounts (approximately 1 g) and the
process for breaking the oocyst wall (1 g glass beads were used).

The DNA concentrations of the samples were determined using a spectrophotometer and were adjusted
with Tris-EDTA pH 8.0 (TE) to 200 ng/pL. The samples were then stored at -20 °C until the time of performing the
semi-nested PCR technique.
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The DNA was investigated using the nested PCR method with the primer SAG-1 (external primers:
F1: 5'-GTTCTAACCACGCACCCTGAG-3'; R: 5'-AAGAGTGGGAGGCTCTGTGA-3’; and internal primers:
F2:5-CAATGTGCACCTGTAGGAAGC-3; R2: 5-GTGGTTCTCCGTCGGTGTGAG-3'). This amplified a fragment of 390 base
pairs (bp) of the DNA of T. gondii, as described by Ribeiro et al. (2015).

The firstround of PCRwas performed with 5 uL DNA extracted DNA and a 20 pL reaction mixture [0.25 mM of each
primer, 0.2 mM of dNTP (PROMEGA®), 1x Tris HCl, 3.0 mM of MgCl, and 1.25 U of Taq DNA polymerase (PROMEGA®)].
Parasite DNA amplification was performed under the following conditions: 5 min at 94 °C for denaturing; 35 cycles
of 1 min at 94 °C for denaturing, 1 min at 58 °C for annealing and 1 min at 72 °C for extension and a final extension
at 72 °Cfor 10 min. A 2-pL aliquot of the PCR product was used in the nested PCR performed using the secondary
primers. The second round of PCR was carried out under the same cycling conditions as the first.

A positive control (DNA of T. gondii that was made available by the multiuse laboratory) was added to each
amplification batch, along with a negative control consisting of ultrapure water.

Aliquots of 5.0 pL of the samples amplified through the nested PCR were homogenized with 5.0 pL of bromophenol
blue, and these were subjected to electrophoresis on 2% agarose gel with ethidium bromide, in a horizontal sink with
a buffer solution of Tris-borate-EDTA (TBE) 1 X, pH 8.0, for 45 minutes at 120 V. After running the electrophoresis,
the amplification products were viewed and photographed by means of a digital photodocumentation system.

Results and Discussion

This is the first report on detection of the DNA of T. gondii in oysters (Crassostrea sp.) in the state of Maranhdo.
The molecular analysis on the 160 tissue pools by means of the nested PCR technique amplified the DNA to the
expected size of 390 bp. The results suggested that molecular detection of this protozoon in the tissue samples
only showed its presence in the gill tissues. In total, two pools (2.5%) of oysters were positive, and both of these
came from farming using the “longline” technique (suspended cultivation), in the municipality of Paco do Lumiar.

Positive results through use of the nested PCR technique were also found by Esmerini et al. (2010) in the city
of Santos, state of Sdo Paulo, and by Putignani et al. (2011) in Varano Lagoon, Italy. In their investigations on the
presence of T. gondii in oysters, 3.3% and 6.6% of the oysters were found to be positive, respectively.

Precise detection of oocysts of T. gondii in samples from the environment is considered to be challenging, even
though the nested PCR technique is very sensitive for detecting this protozoon. According to Dumétre & Dardé
(2003), a variety of techniques for breaking oocyst walls exist. These include in vitro excystation, digestion with
proteinase K, grinding with glass beads and use of thermal shocks. However, there is no standard protocol for
temperatures and the number of cycles of freezing/thawing. In the present study, glass beads were used. This one
protocol had some similarity to what was used by Ribeiro et al. (2015), except regarding the use of thermal shocks
and addition of protein K. Differences in the procedures used for DNA extraction may have influenced the results
that were observed in different studies.

According to Karanis et al. (2013), outbreaks of water-borne transmission of T. gondii started to be documented
in the literature in the 1990s. This transmission route added to the many ways in which this protozoon was already
known to be disseminated. Thus, on top of the traditionally known infection routes, intake of water contaminated
with oocysts took on great importance, given the scientific proof of detection of this protozoon in many aquatic
species (Jones & Dubey, 2010), including bivalve mollusks (Esmerini et al., 2010).

Avariety of factors may be involved in identifying zoonotic protozoa in bivalve mollusks. These may include the
following: the tissue used (Leal & Franco, 2008); whether wild and domestic animals are presentin the environment
where the mollusks are growing (Kvac et al., 2016); and the rainfall rate in relation to lack of basic sanitation
(Giangaspero et al., 2014; Sutthikornchai et al., 2016).

Specifically, regarding the tissue used, previous scientific research has shown that the gills of oysters are the
best site for investigating occurrences of protozoa (Esmerini et al., 2010; Putignani et al., 2011). This was also
observed in the present study.

Regarding the environment in which oysters grow, they reflect the conditions in which they live and thus are
considered to be bioindicators for environmental contamination. Therefore, simultaneous cohabitation of several
animal species constitutes a potential cause of environmental contamination by T. gondii, because of the possibility
of flows of residual water containing the feces of the animals to the places where oysters are extracted or farmed.
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This situation was observed in the municipality of Paco do Lumiar: domestic animals such as pigs were being reared
in places that were close to where the oysters were being cultivated.

Coastal areas of Brazil are increasingly susceptible to the impacts of human activities, especially with regard
to the large quantities of domestic sewage that are discharged without treatment into rivers and the sea (Brasil,
2016). In the state of Maranhao, although water resources are highly available, serious environmental problems
have been observed over recent years. The most important indicator of these changes has been discharges of
domestic sewage, followed by inadequate disposal of solid waste.

The manner of rearing domestic animals in Paco do Lumiar, as described above, along with a lack of provision
of basic sanitation in this municipality, may have been an important factor in the occurrences of T. gondii that were
detected. Thus, it can be presumed indirectly that the marine environment in which oysters are cultivated in this
municipality is contaminated with oocysts of this protozoon. Moreover, it can be suggested that transportation of
this protozoon from the terrestrial environment to the marine environment is occurring.

With the results obtained in this study, it can be concluded that: (i) oysters of the genus Crassostrea farmed in
the state of Maranhao are capable of filtering the oocysts of T. gondii and maintaining them in their tissues, and
thus form potential sources of contamination for humans and other animals; (ii) the gills of oysters are the best
site for investigating occurrences of this parasite.
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