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Abstract: This paper presents a novel study on the microbial diversity of Nodipecten nodosus in
aquaculture waters and its production. The Lion’s paw scallop (Nodipecten nodosus) is the most
economically relevant organism, highly farmed in southeastern Brazil. However, the microbiological
contamination of these animals can make their consumption unfeasible. This study assessed the
bacterial diversity of Lion’s paw scallop gill arch tissues and the surrounding water of a scallop farm
in Angra dos Reis, Rio de Janeiro, Brazil. The isolates (n = 216) were submitted to MALDI-TOF MS
identification. Susceptibility to antimicrobials and the ability to produce carbapenems were analyzed
by disk diffusion. Studies with isolates of Pseudomonas putida exhibited the highest percentage of
resistance to ciprofloxin (42%). All Pseudomonas putida isolates were sensitive to meropenem. Vibrio
alginolyticos and Vibrio fluvialis exhibited greater resistance to meropenem. The presence of resistant
Vibrio spp. and Pseudomonas spp. and potentially pathogenic bacteria in the analyzed waters and gill
arch tissues highlights potential antimicrobial resistance reservoirs, suggesting public health risks
regarding bathing in the waters and consuming Lion's paw scallops from the analyzed farm.

Keywords: marine pollution; marine bivalves; antimicrobial susceptibility; Pseudomonas spp.; Vibrio
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1. Introduction

The species Nodipecten nodosus [1], known as scallop, is a bivalve of the Pectinidae family with
great economic value in the global market. It is essential for mariculture in several countries,
including Brazil [2—4]. These bivalves play a fundamental role in aquatic ecosystems by filtering
water and helping to maintain its quality. In addition, their sensitivity to pollutants makes them
effective bioindicators for monitoring environmental health [5].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Growing environmental concerns in commercial production make it essential to ensure the
health and growth of these organisms, as recorded in several studies [6-9]. Bivalves are a prominent
commodity in aquaculture, with significant global production and economic importance in fishing
activities worldwide [10].

Bivalves are benthic organisms that filter large volumes of water to obtain food and oxygen,
which exposes them to harmful agents such as heavy metals (e.g., mercury, cadmium, lead),
phytoplankton toxins, pathogenic bacteria (e., g. Vibrio spp., Escherichia coli), viruses, protozoa, and
saprophytic fungi [11-15]. Thus, RDC No. 1, of July 7, 2022, from ANVISA, establishes
microbiological standards for food and their applications. This legislation applies to bivalves since
they are often consumed in nature and, therefore, can transmit etiological agents that cause diseases,
representing a risk to public health [16].

The nutritional properties of fish, crustaceans, and mollusks from mariculture and aquaculture
are widely recognized for their benefits to human health [17]. Mariculture can alleviate pressure on
natural fish populations threatened by overfishing and ecosystem degradation [18-20]. In this
scenario, studies have reported that high pollution caused by sewage, associated with scallop
mortality, has negative effects on water quality degradation [21-23], which compromises the health
of organisms, increasing vulnerability to diseases and reducing productivity [24,25]. Pathogens such
as E. coli, Salmonella spp., and enteric viruses, such as norovirus, are frequently found in polluted
waters and cause foodborne illness outbreaks [26].

Santos et al. [27] highlighted the growing concern regarding global production and trade. The
World Organization for Animal Health [28] listed notifiable pathogens present in shellfish, including
herpesvirus, abalone, parasites such as Bonamia exits, B. ostreae, Perkinsus marinus, P. Olsen, and
Marteilia refringent, as well as bacteria such as Xenohaliotis californiensis. Although not officially listed,
bacteria and fungi in shellfish pose risks to production and human health [27]. Among the
microorganisms of interest to public health are bacterial species of the genera Vibrio, Pseudomonas,
Aeromonas and Salmonella, in addition to diarrheagenic pathotypes of Escherichia coli and fungi of the
genus Aspergillus [29-35].

Thompson et al. [36] warned that the release of untreated sewage can increase nutrient levels in
the water, favoring the growth of pathogens such as Vibrio, which harms the health of scallops. The
analyses indicated a greater abundance of microorganisms in the summer, suggesting a negative
correlation with scallop production. For example, V. alginolyticus expresses several virulence factors,
such as enzymes and toxins that facilitate colonization. The spread of this pathogen can cause disease
outbreaks in mussel farms, threatening the health of scallops [37].

In view of this, the problems faced by Brazilian mariculture, especially in Rio de Janeiro, have
their most sensitive point in the absence of an in-depth study of the biotic and abiotic parameters
involved in this productive activity. One of the points of susceptibility of mariculture is the lack of
knowledge of the problems that affect the cultivation lines, whether due to abiotic factors, such as the
physical-chemical factors of the surrounding environment, or biotic factors, such as the development
of bacterial flora that may produce changes in the stocks and generate considerable population losses
for the growers [38]. For example, one of the main factors for the deterioration of water quality in Ilha
Grande Bay (BIG), in the municipality of Angra dos Reis, Rio de Janeiro, is the rapid population
growth that increased by approximately 73.9% between 2010 and 2021 [39], generating greater
pressure on water resources and intensifying the discharge of domestic and industrial effluents [36].

Antimicrobial resistance (AMR) seriously threatens public health, resulting from increased
multidrug-resistant (MDR) microorganisms resistant to existing treatments. The development of
AMR occurs naturally due to genetic variability and bacterial interactions; however, it is accelerated
by selective pressure from the indiscriminate use of antimicrobials in human and veterinary medicine
and food production [40,41].

In Brazil, the Ministry of Agriculture, Livestock, and Supply (MAPA) is responsible for
inspection through Ordinance No. 171 of 2018, issued by the Secretariat of Agricultural Defense
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(SDA) and endorsed by ANVISA, which imposes restrictions on the use of antimicrobials essential
for human medicine as zootechnical additives but still allows their use as growth promoters [42].

Thus, due to the recurring drop in production and increase in mortality on aquaculture farms
that cultivate Nodipecten nodosus at BIG in Angra dos Reis/R] since 2018 [43], this species was chosen
as the object of this study. Its high sensitivity, resulting from exclusive feeding by filtration of
suspended particles, makes it vulnerable to infections by microbiological pathogens, such as Vibrio
spp. and E. coli. Therefore, understanding these factors is essential to improve management practices
and reduce losses on aquaculture farms.

This study aimed to isolate and identify microbiological contaminants in water samples and
Nodipecten nodosus collected in three areas: Bananal Island Cove, Gipdia Island Cove, and Nautica
Beach Cove, in Jacuecanga, to evaluate the sanitary conditions of the bivalve mollusk cultivation area
at BIG, in Angra dos Reis/R], as well as to investigate the impact of these conditions on the quality
and health of the cultivated mollusks. In addition, the research analyzed how these factors influence
the environmental sustainability of the activity and contribute to predicting risks to public health
according to the limits established by current legislation.

2. Materials and Methods

2.1. Sample Collection

Between February and December 2021, eleven collections were carried out, totaling (n = 55)
liters of water and (n = 275) scallops, in the following mariculture farms on the south coast of Rio de
Janeiro: (1) Jacuecanga Beach Cove, located between 23°0029” S and 44°14'13” W; (2) Gipoia Island
Cove, between 23°02'16” S and 44°23'08” W; and (3) Bananal Island Cove, between 23°06'04” S and
44°15°07” W, at a depth of 15-20 m (Figure 1). The collections were carried out in a pre-established
partnership with the Eco-Development Institute of Ilha Grande Bay (IED-BIG), located at Rua EAP
s/n® Vila da Petrobras, Angra dos Reis, R].
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Figure 1. — Study site and collection of water and scallop samples. Designed by Sergio Carvalho Moreira | Date:
03/31/2023. Source: Map of Brazil — IBGE, 2020. World map - ESRI database, 2022. The program used ArcGIS
10.8.
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The Nodipecten nodosus scallops were collected manually randomly and subjected to the flow
shown in Figure 2. All collected samples underwent strict control of removing bivalve mollusks by
the criteria established by the Interministerial Normative Instruction MPA/MAPA No. 7 of May 8§,
2012. This regulation determines that the results of monitoring contaminating microorganisms and
biotoxins produced by marine microalgae should be used to define strategies for removing bivalve
mollusks, especially those intended for human consumption.

Isulation (BHI)

Nodipecten nodosus Samples
Samples 1L each point

Incubation on selective
media

Sample concentration
(0.22u)

Targetboard

Species identification MALDITOF

Comparison with spectra
Database Reference

Mass spectrometry
MALDI-TOF

Figure 2. — Flowchart established for sample collection, preparation, and processing.

Five scallops were collected monthly at each collection point, totaling 275 samples (n = 275). The
scallop samples, with the valves closed, were packaged in sterilized polyethylene bags and
adequately identified with the location and date of collection. They were then stored in a cooler with
ice to maintain the temperature between 6 and 10°C until they arrived at the laboratory, where they
were processed.

All monthly water samples collected for this study were obtained at each specifiedpoint (1 L per
point), as shown in Figure 1, using one-liter bottles previously sterilized to avoid biological
contamination by RDC No. 724/2022. Collection points: (1) Gipoia Island Cove; (2) Bananal Island
Cove; and (3) Jacuecanga Beach Cove, in addition to raw water from scallop farming and ultraviolet-
treated water from scallop farming. Thus, 5 L of water was collected monthly, totaling 55 L of samples
over the period (n =55).

2.2. Sample Preparation

All collected samples were sent to the Reference Microorganism Laboratory of the National
Institute for Quality Control in Health (INCQS) and to the Center for Technological Development in
Health (CDTS) of the Oswaldo Cruz Foundation (Fiocruz). The samples underwent an initial external
washing to remove surface marine materials and were then immersed in a chlorinated water solution
(5 ppm of Free Residual Chlorine — FRC) by health inspection legislation [44].

Adult scallops (n = 275), with an average size of 6.25 + 1 cm, had their valves washed externally
to remove residues by legislation. Under aseptic conditions, the valves were opened with a sterile
spatula to access the soft tissues, and the adductor muscle was disconnected. The branchial arch
tissue was removed with forceps and a scalpel. Then, 25 g of each sample was added to 225 ml of
buffered saline solution and homogenized in the Stomacher for 60 seconds [45,46].
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The filtration of the homogenized tissues of the scallops and the collected seawater was
performed in a vacuum system, using cellulose acetate membranes with a porosity of 0.22 um (EMD
Millipore). The seawater, the gill arch tissues of the scallops, and the filtered membranes were
inoculated in BHI (Brain Heart Infusion) broth with 1-3% sodium chloride (NaCl). Then, the samples
were plated on plates with solid BHI media to isolate microorganisms. The isolated strains were
cultivated in BHI agar at 35°C for 24 h.

2.3. Sample Processing

Then, one colony of each isolate was chosen, and, using the direct transfer procedure, the
samples were applied to each spot of the microplate 96 MSP, Bruker® — Billerica, USA. After drying,
1 pl of 70% formic acid (Sigma-Aldrich, St Louis, MO, USA) was added over the bacterial layer to
cover it and optimize cell lysis. After drying the lysis solution, 1 pl of matrix solution (a-cyano-4-
hydroxycinnamic acid diluted in 50% acetonitrile and 2.5% trifluoroacetic acid+ (Sigma-Aldrich, St
Louis, MO, USA) was added.

The microplates were left at room temperature until completely dry. Then, they were inserted
into the Bruker MALDI-TOF LT Microflex mass spectrometer (Bruker Optic GMBH, Ettlingen,
Germany) equipped with a 337 nm nitrogen laser in linear mode. The operation was controlled by
the FlexControl 3.3 software (Bruker Optic GMBH, Ettlingen, Germany). The spectra were collected
in the mass range between 2,000 and 20,000 m/z and subsequently analyzed by the MALDI Biotyper
2.0 software (Bruker Optic GMBH, Ettlingen, Germany), using standardized settings for bacterial
identification.

The MALDI Biotyper 2.0 software analyzed the spectra of the unknown samples and compared
them with reference samples in the database, categorizing the results on a scale of zero to three, where
higher values indicate more accurate and reliable identification. The isolates were identified by
proteomic analysis using the MALDI-TOF (Matrix-Assisted Laser Desorption/lonization—Time of
Flight) mass spectrometer in partnership with the Bacteriology and Bioassays Laboratory of the
Evandro Chagas National Institute of Infectiology (INI/FIOCRUZ).

2.4. Criteria for Classifying Samples

Antimicrobial susceptibility was determined by the disk diffusion technique (Kirby-Bauer
method) according to the criteria established by the European Committee on Antimicrobial
Susceptibility Testing [47]. The isolates were initially plated on Brain Hearth Infusion (BHI) agar for
24h at 37°C. The microbial growth was suspended in a sterile saline solution (0.85% NaCl) to obtain
a turbidity standard 0.5 on the McFarland scale. The suspension was plated on Mueller-Hinton agar
media with a swab, where the antimicrobial disks were deposited. The inhibition zones were read
after incubation at 37°C for 16-18h.

Isolates that showed resistance to up to two antimicrobials of the same class were classified as
non-MDR (non-multidrug-resistant); resistance to up to three antimicrobials of different courses, as
MDR (Multidrug-resistant); resistance to at least one antimicrobial in all classes — except < 2, as XDR
(Extensively drug-resistant); and resistance to all antimicrobials tested, were classified as PDR
(Pandrug-resistant).

3. Results and Discussion

This study evaluated the microbial quality of the bivalves Nodipecten nodosus and water in
mariculture farms in the coves of Ilha Grande Bay, Angra dos Reis, R] (Figure 1), focusing on the
prevalence of Pseudomonas spp. and Vibrio spp. over a year.

From the collected samples (55 L of water and 275 scallops), 216 species (100%) were isolated,
all identified by MALDI-TOF MS. The prevalence was of the genus Pseudomonas spp. (n = 62; 29%),
followed by the genus Vibrio spp. (n = 52; 24%), as shown in Figure 3.

d0i:10.20944/preprints202501.0892.v1
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Figure 3. Number of isolates about isolated species.

3.1. Determination of the Antimicrobial Susceptibility Profile

AMR poses a serious global threat to public health due to the increasing spread of new resistance
mechanisms in several regions [48]. The scenario is worrying, with estimates of around 700,000
annual deaths from drug-resistant infections and projections that this number could exceed 10 million
deaths per year by 2050 [49]

In this study, 114 isolates were selected to evaluate antimicrobial susceptibility, of which 62 were
Pseudomonas spp. (52 Pseudomonas putida and 10 Pseudomonas monteilii) and 52 were Vibrio spp. (37 V.
alginolyticus, 11 V. fluvialis and 4 V. harveyi). These isolates were obtained from collected scallops and
analyzed water samples.

In recent decades, Pseudomonas aeruginosa has emerged as one of the top three critical amd
priority pathogens contributing significantly to AMR [50]. Infections caused by P. aeruginosa are often
fatal and difficult to treat due to their intrinsic resistance to several antimicrobial agents.

A new-found study investigated the presence of pharmaceutical compounds in samples
collected from a wastewater treatment plant in India. The plant received effluent from approximately
90 regional bulk drug manufacturers. The results revealed that ciprofloxacin concentrations in the
samples were significantly higher than those typically found in the blood of patients receiving
treatment with this antimicrobial. This finding highlights the concern about potential environmental
contamination by pharmaceutical residues and its implications for public health and the
environment.

Bacteria recovered from water collected from the treatment plant were tested for resistance to 39
antibiotics. The results showed that approximately 30% of the bacteria were resistant to 29 and 32
antibiotics, while approximately 20% were resistant to between 33 and 36 antibiotics [50]. This
significant level of resistance highlights the concern about environmental contamination by
pharmaceutical residues since bacteria present in soil can transfer resistance genes to clinically
relevant pathogens [51]. The diversity in resistance observed reflects the complexity of the spread of
multidrug-resistant pathogens, often observed in hospital settings. It may be attributed to factors
such as the bacteria's natural habitats and the competition in these niches.

Furthermore, certain bacterial strains demonstrate a remarkable ability to maintain their MDR
phenotype and spread through the community. This persistence is likely facilitated by additional
genetic content that minimizes the relative cost of expressing antibacterial resistance genes. The
community spread of MDR bacteria poses a significant threat to public health and demands an urgent
and effective approach to its control and mitigation.


https://doi.org/10.20944/preprints202501.0892.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 January 2025 d0i:10.20944/preprints202501.0892.v1

7 of 18

Bacterial resistance results from the ability of these populations to adapt to aggression over time,
combined with the inappropriate use of antimicrobials. Such conditions can lead to a significant
increase in the severity of infections caused by several bacterial species. Pettibone et al. [52] and Patha
and Gopal [53] raised potential public health concerns about co-resistance to metals and antibiotics.
These authors observed that bacterial isolates obtained from fish tissues commonly consumed by
humans exhibited simultaneous resistance to several metals and antibiotics. This natural process is
created to defend bacteria that produce antibiotics from their compounds and improve their survival
ability in highly competitive microbial environments [54].

Accordingly, monitoring bivalve mollusks intended for consumption by the Brazilian
population becomes indispensable and highly relevant. This monitoring is essential to guarantee food
safety, covering both mariculture farms, where the mollusks are cultivated, and natural
environments, where these animals are collected in an exploratory manner. Effective control on both
fronts is essential to prevent contamination risks by pathogens and toxins, ensuring food quality and
consumer health.

3.2. Antimicrobial Susceptibility: Pseudomonas spp.

Resistance to anti-pseudomonas antibiotics has intensified in recent years due to the emergence
of a considerably high frequency of antimicrobial resistance. Most non-fermenting Gram-negative
bacteria of the genus Pseudomonas spp. are saprophytes; however, they can contaminate human
clinical samples. It has been shown that these microorganisms can also act as pathogens under
specific conditions.

In this study, the prevalence of Pseudomonas spp. was identified in 62 isolates using the MALDI-
TOF MS methodology, of which 84% were classified as Pseudomonas putida and 16% as Pseudomonas
monteilii. Among these species, a higher percentage of resistance to several antibiotics was observed,
respectively: ciprofloxacin (42%, 10%), cefepime (37%, 10%), aztreonam (35%, 40%), ceftazidime (6%,
0%), amikacin (4%, 0%), piperacillin/tazobactam (2%, 0%), meropenem (2%, 0%) and imipenem (2%,
0%) (Figure 4).
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Figure 4. Antimicrobial susceptibility profile of Pseudomonas putida, Pseudomonas monteilii isolates recovered

from scallops and water.

Pseudomonas aeruginosa is a common Gram-negative opportunistic pathogen responsible for
several hospital-acquired infections, often associated with high rates of antimicrobial resistance. This
microorganism can rapidly develop multiple (MDR), extensive (XDR), and even total (PDR)
resistance in a short period of time [48]. Due to its versatile metabolism and ability to survive adverse
environmental conditions and physicochemical stress [55], it has aroused great interest as a host cell
for synthetic biology and metabolic engineering.
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Pseudomonas putida has considerable potential for biotechnological applications in agriculture,
biocatalysis, bioremediation, and bioplastics production [56]. Among Pseudomonas species, intrinsic
resistance to antimicrobials is largely attributed to mechanisms such as low membrane permeability,
synthesis of (-lactamases, and efflux systems. However, due to remarkable genetic plasticity,
members of the genus Pseudomonas spp. have demonstrated the ability to acquire virtually all known
mechanisms of antimicrobial resistance [57].

According to Mohammed et al. [48], the results of this study are consistent with research carried
out in Iran, Sudan, Egypt, and South Africa that analyzed 289 clinical isolates of Pseudomonas
aeruginosa for susceptibility to 14 antimicrobial agents belonging to 8 categories. A high prevalence
of resistance was observed, especially to ticarcillin-clavulanic acid (89.3%), meropenem (50.9%), and
fosfomycin (37.7%). Resistance to antipseudomonal antimicrobials ranged from 37.7% to 14.5%, with
the highest rates observed for cefepime (37.7%), imipenem (37.4%), aztreonam (25.3%), levofloxacin
(23.5%), piperacillin-tazobactam (22.1%), and tobramycin (14.5%). Global resistance to these drugs
poses a significant therapeutic challenge in treating P. aeruginosa infections. However, polymyxins
and aminoglycosides have shown greater efficacy, with a susceptibility of 90.3% colistin, 86.5%
amikacin, and 82.4% tobramycin.

In the study presented, the prevalence of Pseudomonas spp. was identified in 62 isolates using the
MALDI-TOF MS methodology, of which 84% were classified as Pseudomonas putida and 16% as P.
monteilii. Among these species, a higher percentage of resistance to several antibiotics was observed,
respectively: ciprofloxacin (42%, 10%), cefepime (37%, 10%), aztreonam (35%, 40%), ceftazidime (6%,
0%), amikacin (4%, 0%), piperacillin/ tazobactam (2%, 0%), meropenem (2%, 0%) and imipenem (2%,
0%). P. putida, found at all collection points, is a saprophytic bacterium widely in the rhizosphere.

The definition of nom-MDR, MDR, XDR, and PDR for P. monteilli and P. putida was established
based on a standardized international document [58], following the recommendations of CLSI and
EUCAST. However, isolates of P. monteilli and P. putida classified as MDR demonstrated resistance
to at least one agent in three antimicrobial categories. Those identified as XDR exhibited resistance to
at least one agent in six categories. Isolates that did not show susceptibility to all commercially
available antimicrobial agents were classified as PDR [58].

The nom-MDR profile was observed in isolates, in this study, of Pseudomonas monteilli and
Pseudomonas putida from the three points: Gipdia Island Cove, Bananal Island Cove, and Jacuecanga
Beach Cove. The isolates of P. putida presented the highest percentage of resistance to ciprofloxacin
(42%, 22/52) — antipseudomonal fluoroquinolones, followed by cefepime (37%, 19/52), aztreonam
(35%, 18/52) ceftazidime (6%, 3/52), amikacin, aminoglycosides (4%, 2/52) and
piperacillin/tazobactam and imipenem - antipseudomonal carbapenems (2%, 1/52),
antipseudomonal penicillin + (-lactamase inhibitors. Most P. putida isolates were sensitive to
meropenem and antipseudomonal carbapenems. Meanwhile, P. monteilli isolates showed resistance
only to aztreonam (40%, 4/10), followed by cefepime and ciprofloxacin (10%, 1/10), being sensitive to
the other antimicrobials evaluated.

MDR bacteria are recognized as one of the most serious public health problems today [59]. The
Infectious Diseases Society of America considers AMR one of the greatest threats to human health
globally. The increase in MDR bacteria represents a critical danger for several reasons. P. aeruginosa
is known for its multidrug resistance and resistance to many types of antibiotics [60,61]; that is, given
its ability to develop resistance to several antimicrobials, it is one of the main causes of hospital
infections, being associated with diseases of respiratory and urinary tracts, surgical wounds and
bloodstream infections [62]. Among the main carbapenems genes found in this species are blaSPM-
1, blaKPC-1, blaNDM-1, and blaVIM-1. Until 2017, the blaSPM-1 gene was one of the only
carbapenems genes detected in Brazil [63].

However, true community-acquired infections with multidrug-resistant strains of Pseudomonas
aeruginosa are still relatively rare. In a study of sixty patients with community-acquired bloodstream
infection with P. aeruginosa, 100% of the isolates were susceptible to meropenem, and 95% were
susceptible to piperacillin/tazobactam and ceftazidime. Furthermore, in a specific case reported in
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Turkey, a young man with no healthcare exposure presented with an abscess caused by a strain of P.
aeruginosa that was susceptible only to imipenem, amikacin, and colistin [64].

Therefore, one of the most pressing public health challenges is to prevent the increasing spread
of MDR bacteria in the community. Unfortunately, regional and national data on antibiotic
susceptibility is often limited. Furthermore, epidemiological data are limited when available, and a
clear determination of isolates associated with community transmission is needed. However, clinical
cases are increasingly visible, attracting the attention of policymakers, while subclinical spread is
already occurring [59].

An effective precautionary strategy must take a multifaceted approach and involve all
stakeholders. In addition to clinical stewardship practices and responsible use of antibiotics in
humans, removing antibiotics from the food chain is essential. It is also important to limit the number
of xenobiotics, such as quaternary ammonium compounds, released into the environment [65].
Another crucial step in limiting bacterial exposure to antibiotics is properly treating contaminated
wastewater, especially from pharmaceutical plants and medical facilities.

3.3. Susceptibilidade aos Antimicrobianos: Vibrio spp.

Using the MALDI-TOF MS technique, 52 isolates of Vibrio spp. were identified from samples
collected at Gipoia Island Cove, Bananal Island Cove, and Jacuecanga Beach Cove (Brazil). These
included V. harveyi (8%), V. fluvialis (21%), and V. alginolyticus (71%). All identified species are of
clinical significance and associated with opportunistic infections in humans, primarily through
exposure to contaminated water or consumption of contaminated seafood, such as Nodipecten
nodosus [66]. Among these pathogens, V. alginolyticus was notably prevalent; its contamination is
linked to considerable morbidity and, in severe cases, fatal outcomes [66—-68]. Additionally, V. fluvialis
was identified, a pathogen known to cause symptoms such as bloody diarrhea and, in
immunosuppressed individuals, skin wound infections that can lead to primary septicemia [69].

Previous research [70] explored the occurrence and distribution of Vibrio spp. in aquatic
environments to evaluate the risks of human exposure, identifying ten pathogenic species, including
Vibrio cholerae O1, in Georgian waters over a two-year period. Bacteria of the Vibrio genus are
associated with cholera, a disease caused by V. cholerae, which has been responsible for seven
pandemics throughout history. Cholera remains a significant public health concern today,
particularly in developing nations, with an estimated 4 million cases annually and an average of
21,000 to 143,000 deaths each year [71]

Vibrio spp. is commonly found in natural aquatic environments and can pose a threat to human
health as a foodborne disease agent. Canellas [72] studied its presence at three locations in Guanabara
Bay (Rio de Janeiro, Brazil). Hackbusch et al. [73] examined three pathogenic Vibrio species (V.
parahaemolyticus, V. vulnificus, and V. cholerae) over a 14-month period in the North Sea (Europe).
Their findings suggest potential seasonal trends in the occurrence of virulence genes, emphasizing
the value of long-term research to better understand bacterial behavior in the environment and
associated risks to human health. Nevertheless, the impact of this genus on public health remains
inadequately understood [73].

The epidemiology of Vibrio alginolyticus infection has revealed a significant increase in incidence
and severity over the past ten years [74]. As an opportunistic pathogen, V. alginolyticus has caused
major economic losses to mariculture [75] and contributed to the overall increase in vibriosis cases.
Although V. alginolyticus is the second most common Vibrio species worldwide, other species have
also increased considerably [76]. In southern China, V. alginolyticus is the third most common Vibrio
type isolated from diseased marine fish, after V. harveyi and V. vulnificus [77].

In this study, the isolates of V. alginolyticus and V. fluvialis showed high percentages of resistance
to tetracycline (70% and 82%, respectively), followed by piperacillin/tazobactam, where V. harveyi is
also found (54%, 91%, and 25%). Resistance to ciprofloxacin was 41%, 73%, and 75%, and to
ceftazidime, 32%, 36%, and 0%. V. alginolyticus isolates showed the highest percentage of resistance
to tetracycline (70%, 26/37), followed by piperacillin/tazobactam (54%, 20/37), ciprofloxacin (41%,
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15/37), azithromycin and ceftazidime (32%, 12/37), meropenem (24%, 9/37) and
sulfamethoxazole/trimethoprim (11%, 4/37). V. fluvialis isolates showed predominant resistance to
piperacillin/tazobactam (91%, 10/11), followed by tetracycline (82%, 9/11), ciprofloxacin (73%, 8/11),
meropenem (64%, 7/11), ceftazidime (36%, 4/11), azithromycin and sulfamethoxazole/trimethoprim
(27%, 3/11). In turn, V. harveyi isolates showed resistance only to ciprofloxacin (75%, 3/4),
piperacillin/tazobactam, and azithromycin (25%, 1/4) (Figure 5).

W Vibrio alginolyticus

20%
10% l.|_ Vibrio fluvialis
6 =

Vibrio harveyi

% of resistant isolated
(9]
(=]
X

Antibiotic

Figure 5. Antimicrobial susceptibility profile of Vibrio alginolyticus, V. fluvialis, and V. harveyi isolates recovered

from scallops and water.

The presence of antimicrobial-resistant organisms was observed at all collection points
evaluated in the study, indicating that these microorganisms had already arrived at the sites with
resistance genes. These results highlight the importance of sanitation and the urgent need to
implement effective wastewater management strategies to prevent the spread of MDR bacteria in the
Bananal, Gipoia, and Nautica coves in Angra dos Reis.

The presence of Vibrio spp. Resistant to third-generation cephalosporins is frequently reported in
the literature and is usually associated with species isolated from seafood. Lee et al. [78] observed the
presence of Vibrio parahaemolyticus in fish sold in markets and fairs in Malaysia, with resistance rates
of 52% and 28% to cefotaxime and ceftazidime, respectively. In addition, 2.4% of the isolates
presented the trh gene (thermostable hemolysin gene) related to direct hemolysin, indicating its
pathogenic potential.

Another study performed in South Korea reported that V. parahaemolyticus species isolated from
fish farms showed resistance rates of 5.7% and 8.6% to cefotaxime and ceftazidime, respectively. More
than 90% of these isolates' genes encoded pathogenic islands [79]. Some authors suggest that
resistance to third-generation cephalosporins in Vibrio spp. is prevalent in Asia due to the extensive
use of antimicrobials in aquaculture, a particularly developed sector in this region [80,81].

Antimicrobials in the fluoroquinolone class are among the most prescribed worldwide [82].
Other studies have also reported high rates of resistance to amino and carboxypenicillins in certain
species, notably Vibrio parahaemolyticus and Vibrio cholerae [83].

Studies conducted with water samples have also reported high susceptibility rates to
ciprofloxacin in several Vibrio species [84,85]. However, there is growing concern about the
occurrence of Vibrio spp. Resistant to this class of antimicrobials, especially in aquaculture systems. A
recent study demonstrated that biofertilizers in aquatic environments can significantly increase the
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resistance rate of V. parahaemolyticus strains to fluoroquinolones through the horizontal transfer of
resistance genes [86].

Researchers from China, such as Yu et al. [87] reported that Vibrio alginolyticus can trigger
epidemic outbreaks in fish, shrimp, mollusks, and other marine organisms, causing serious economic
losses to the aquaculture industry, affecting species such as groupers, shrimps, and oysters [88-91].

Epidemic diseases caused by Vibrio alginolyticus are most likely when water temperatures range
from 25 to 35°C. Previous studies have reported V. alginolyticus infections in Europe, Asia, South
America, and North America [92-94]. Ingestion of contaminated raw seafood or exposure of wounds
to warm saltwater containing V. alginolyticus has been associated with bacterial infections [94].

3.4. Assessment of Antimicrobial Susceptibility Profile

In this study, the three species of the genus Vibrio spp. and the two species of Pseudomonas spp.
MDR, PDR, XDR, and non-MDR resistance profiles (Figure 6) are shown, which is concerning
considering their medical importance. These isolates were obtained from samples collected in
Bananal and Gipdia coves, in raw water within the farms, as well as from ultraviolet-treated water
where the scallops are kept, and from seawater in Jacuecanga, an area frequently used for recreation
and fishing. These data raise concerns about the public health risks for individuals exposed to these

waters.
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Figure 6. Classification of antimicrobial susceptibility profiles concerning evaluated species.

The results highlight the importance of sanitation and the urgent need to implement effective
strategies for wastewater management. This is crucial to prevent the spread of bacteria with MDR,
PDR, XDR, and non-MDR resistance profiles in the areas mentioned in Angra dos Reis.

Despite presenting a resistance profile to non-MDR antimicrobials, the strains P. putida, P.
monteilli, Vibrio alginolyticus, V. fluvialis, and V. harveyi presented resistance to cefepime, ceftazidime
and ciprofloxacin. The MDR profile was observed in P. putida, V. alginolyticus, and V. fluvialis isolates.
It is also worth mentioning that the XRD profile was only observed in isolates of V. fluvialis and V.
alginolyticus, and the PDR profile was only observed in V. alginolyticus.

4. Conclusions

The present study evaluated the occurrence, distribution, and microbial diversity of the gill arch
tissue of N. nodosus and marine culture waters, with a prevalence of Pseudomonas spp., and Vibrio spp.
over one year at three different culture sites in BIG, Angra dos Reis, Rio de Janeiro, Brazil.

Vibrio alginolyticus was observed at all collection points analyzed, constituting a threat to aquatic
animals and human health with high percentages of resistance to antimicrobials and potentially
pathogenic. The marine environment can collaborate to disseminate resistance genes in Vibrio spp.

Species; aquatic monitoring of the analyzed regions is relevant to estimating possible risks to public
health.
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The species analyzed can be assessed for the presence of genes encoding virulence factors,
antimicrobial resistance genes, and heavy metals, as well as for detecting other genetic elements that
may suggest the transmissibility of these phenotypes, such as plasmids and integrons. In addition,
the capacity to produce industrially relevant enzymes and assess biofilm formation are pertinent
characteristics that could be explored in these species.

The study of the genus Vibrio spp. Offers great potential and should be beneficial, especially
when dealing with bacteria isolated from an ecosystem with great ecological, economic, social, and
clinical value on the BIG, Angra dos Reis, Rio de Janeiro. Thus, microbiological control of mollusks
produced in different areas is a strategic and crucial condition for health surveillance, as it can
prevent waterborne diseases in communities close to breeding sites.
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