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Abstract

Vibrio spp. are ubiquitous bacteria that are frequently discovered in aquatic environments. Globally, they are recognized as
the primary cause of seafood-related illnesses. Over decades, vibrios have been a major health concern, and the number of
cases is on the rise due to unhygienic eating habits and increasing demand for raw seafood. Among the 2 groups of Vibrio
bacteria, the non-cholera Vibrio bacteria group mainly associate with seafood-borne illness. Though ~ 12 species have been
recognized as causative agents of diseases in humans, horizontal gene transfer has attributed to an increase in emerging human
pathogenic Vibrio spp. The assortment of virulence determinants contributes to the pathogenicity of vibrios. They carry
specific genes to produce toxins and hemolysin, which are correlated with pathogenicity. In addition, the expanding antimi-
crobial use in humans and aquaculture resulted in a surge of resistant Vibrio strains found in shellfish. This has adversely
affected the therapeutic results in the case of Vibrio infection. Thus, this article provides insight into the potential public
health threat that may pose to seafood consumers as a consequence of the presence of virulence factors and antimicrobial
resistance determinants in molluscan shellfish-borne vibrios.
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1 Introduction to this process they may bioaccumulate a high number of
microorganisms in their tissues (Baker-Austin et al. 2017).

The aquaculture industry consists of various species, includ- Vibrio spp. are naturally occurring Gram-negative bacte-

ing aquatic plants and animals, with total production esti-  ria characterized by their curved or comma-shaped morphol-

mated over US$ 406 billion (FAO 2022). Over 65 different ~ 0gy; originated from aquatic and marine ecosystems (Baker-
mollusk species are worth US$ 30.4 billion to the industry ~ Austin et al. 2017; Farmer et al. 2015). These bacteria can
(FAO 2019). Mollusks represent the second largest group ~ be found in warm and slightly salty water, and they actively
by weight, estimated at 17.7 million tonnes and valued at mirror environmental temperatures. Vibrios are accountable
US$ 29.8 billion (FAO 2022). Oysters constitute the largest for most human infections concerning the microbiota associ-
species group, accounting for 32.8% of the total mollusk, ated with seafood and aquatic environments (Baker-Austin
followed by clams, cockles and ark shells (FAO 2019). Mol- et al. 2018). Ingestion of raw or undercooked contaminated
lusks are filter feeders that can filter out a great quantity of ~ seafood with Vibrio spp. may result in a variety of infections
water while feeding on suspended materials in the water, due ~ in humans. The number of Vibrio spp. infections vary with
seasonal distribution, where most incidents take place during
warmer months (Altekruse et al. 2000). Vibrios are widely
recognized for their ability to cause a wide range of clinical
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etiological agents of vibriosis and cause infections that can
result in diverse clinical manifestations which vary depend-
ing on the specific pathogen involved, the route of infec-
tion, and the susceptibility of the host. (Baker-Austin et al.
2018). Generally, non-cholera vibrios dominate in moder-
ate or high salinity aquatic habitats and thus can originate
with seafood more frequently. V. parahaemolyticus has been
widely acknowledged as the primary cause of food-borne
illnesses in various Asian countries including Japan, Korea,
and China (Wong et al. 2000; Lee et al. 2001; Alam et al.
2002; Liu et al. 2004). In addition, V. cholerae and V. vul-
nificus are also recognized as significant pathogens respon-
sible for causing food-borne illnesses (Sawabe et al. 2007,
2013). Furthermore, V. alginolyticus and V. fluvialis have
also been categorized as food-borne infectious agents as they
have caused food poisoning in humans (Liang et al. 2013).

A complex group of genes is associated with the viru-
lence of vibrios, and expression of these virulence factors
is crucial for the host infection process (Lida et al. 1998;
McCarthy et al. 1999). In addition, antimicrobial resistance
plays a major role during infection and has become a public
and animal health threat. These resistances are often car-
ried on bacteria plasmids encoded by respective resistance
genes (Balsalobre et al. 2010). The overuse or mishandling
of antimicrobials can be a cause of the emergence of multid-
rug-resistant bacteria in different environments. Considering
these factors, studies have suggested an association between
resistance and virulence factors, where traits that confer a
particular benefit will be chosen and become fixed with time
(Beceiro et al. 2013). Therefore, the purpose of this review is
to present comprehensive evidence regarding the virulence
factors and antimicrobial resistance determinants found in
Vibrio spp. associated with mollusks for consumer aware-
ness and public health safety.

2 Vibriosis

Vibrio spp. are common bacteria found in different varie-
ties of aquatic and marine habitats that cause human infec-
tions. Although over 100 Vibrio spp. have been described,
~12 Vibrio spp. have been identified as a source of human
infections (Baker-Austin et al. 2018). Vibriosis affects a
considerable number of people in the United States annu-
ally. Specifically, according to Centers for Disease Control
and Prevention (CDC), roughly 80,000 individuals contract
this bacterial infection, which results in the death of around
100 individuals each year (CDC 2023). A severe diarrheal
disease caused by V. cholerae can be fatal if untreated, and
it usually spreads rapidly through polluted water and per-
sonal contact. Vibriosis is caused by non-cholerae vibrios
(for example, V. parahaemolyticus, V. alginolyticus and
V. vulnificus) when exposed to seawater or eating raw or
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undercooked contaminated seafood (Di et al. 2017). Several
symptoms of non-cholerea bacteria lead to the most common
mild self-limiting gastroenteritis. Particularly, V. vulnifius
infection can be a reason for fatal wound infections that may
induce septicemia (Coerdt and Khachemoune 2021; Torres
et al. 2002).

2.1 Vibrio parahaemolyticus

V. parahaemolyticus has a wide distribution in temperate and
tropical coastal regions across the globe (Shen et al. 2009).
V. parahaemolyticus infection was limited to the areas of
Japan until late 1960. Afterward, it was reported in other
parts of the countries, comprising the Atlantic, Pacific, Gulf
states and Hawaii in the USA (Barker et al. 1974). During
2007-2012, V. parahaemolyticus, serotype O3: K6 strains
turn out to be the main reason to cause bacterial infectious
diarrhea in the region of southern China (Li et al. 2014).
V. parahaemolyticus can cause gastroenteritis in humans
eating raw or undercooked contaminated seafood, particu-
larly bivalve shellfish, such as oysters and ready-to-eat food
(Park et al. 2018; Pang et al. 2019). Other symptoms of V.
parahaemolyticus comprise abdominal cramps, diarrhea,
vomiting, and nausea (Daniels et al. 2000). Moreover, V.
parahaemolyticus infections are accountable for a signifi-
cant number of food-borne infections in the USA (Iwamoto
et al. 2010). In 2018, a seafood-related outbreak of V. para-
haemolyticus infections resulted in 26 cases of illness and 9
individuals requiring hospitalization (Seelman et al. 2023).
In Korea, 9 outbreaks occurred in 2017 with 354 patients
that were infected with V. parahaemolyticus (KCDC 2016;
KMFDS 2017).

2.2 Vibrio vulnificus

This pathogen is commonly found in estuarine waters and
various environmental sources, such as seawater, sediment,
and seafood products (DePaola et al. 1994; Baker-Austin
et al. 2010). V. Vulnificus infections are caused by two
main sources; intake of contaminated seafood, specifically
oysters, leading to gastroenteritis or bacterial infections; or
exposure of wounds to seawater or contaminated seafood
products, resulting in the development of wound infections
and secondary septicemia (Jones and Oliver 2009). V. vul-
nificus infections are reported to have the highest fatality
rate (50%) among food-borne microorganisms. Compared
to V. parahaemolyticus, V. vulnificus is a lethal human
pathogen evidenced to be responsible for more than 95%
of seafood-related deaths in the USA (Oliver and Bock-
ian 1995). Furthermore, about 20% of individuals with
a V. vulnificus infection will not survive, and death can
occur within a short period of 24-48 h after the onset of
illness (CDC 2023). V. vulnificus can cause severe wound
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infections. The infection can progress rapidly, requiring
intensive care and sometimes even limb amputations (CDC
2023). In South Korea, a total of 257 cases were reported
as a result of V. vulnificus infection from 2017 to 2022
(KCDC 2022).

2.3 Vibrio alginolyticus

This bacterium can be found in seawater worldwide and
is known to cause various infections, including wound
and ear infections such as otitis media and otitis externa.
These infections can be effectively treated using appropri-
ate antimicrobial agents. Occasionally, these infections can
be aggravated to cause septicemia and necrotizing fasciitis,
especially in people with a compromised immune system
(Baker-Austin et al. 2016). The incidence of these infec-
tions significantly increases during the warmer months.
A French study revealed that V. alginolyticus is account-
able for nearly 34% of all vibriosis infections for the last
19 years (Hoefler et al. 2022). In Spain, the occurrence
of V. alginolyticus infected wounds of 2 patients exposed
to contaminated seawater in 2019 (Fernandez-Bravo et al.
2019). In many reports, V. alginolyticus wound infections
happened in patients that had cuts and abrasions exposed
to contaminated seawater (Reilly et al. 2011). In the US,
20% of all vibriosis infections were caused by V. algino-
Iyticus, including 131 cases in Florida (Weis et al. 2011).
Another study has reported that 96% of V. alginolyticus
infections happen in coastal states (Slifka et al. 2017). V.
alginolyticus was found in a stool sample of a patient with
gastroenteritis due to the ingestion of diseased abalone
(Liu et al. 2001). In Europe, several studies have reported

Fig. 1 Viulence factors and
infections of Vibrio spp. iso-

the incidence of V. alginolyticus (Sufién et al. 1995; Bar-
bieri et al. 1999; Hervio-Heath et al. 2002).

2.4 Other Vibrio spp.

Human infections due to other Vibrio spp. including V. mim-
icus, V. cincinnatiensis, V. hollisae, V. furnissii, V. fluvialis
and V. metschnikovii have also been documented. These
infections are relatively rare, although these pathogens are
important for clinical treatment decisions and to distinguish
the exact causative agents. However, V. fluvialis is widely
recognized as an emerging food-borne pathogen that poses
a public health concern (Igbinosa et al. 2010; Ramamurthy
et al. 2014). An infection with V. fluvialis was reported in a
75-year old man with diarrhea and abdominal rash after con-
sumption of uncooked clams (Arora and McHargue 2021).
Another case report dealt with a wound infection caused by
V. fluvialis, acquired through an impalement injury in shal-
low waters of the Baltic Sea (Hecht et al. 2022). In Korea,
mollusk seafood has been found to harbor V. diabolicus, V.
harveyi, V. antiquarius, V. anguillarum and V. aestuarianus
strains with virulent determinants and multidrug-resistant
characteristics (Dahanayake et al. 2020b; De Silva et al.
2019; Hossain et al. 2020). Figure 1 summarizes the viru-
lence factors and infections caused by the Vibrio spp.

3 Virulence factors of Vibrio spp.

3.1 TDH (thermostable direct hemolysin), TRH
(TDH- related hemolysin) and toxR gene

Generally, V. parahaemolyticus strains are well-known
to produce various virulence factors during pathogenesis
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(Letchumanan et al. 2014). Among those virulence fac-
tors, the toxins TDH (thermostable direct hemolysin) and
TRH (TDH- related hemolysin) are encoded by tdh and
trh genes, respectively. The tdh gene is responsible for
kanagawa, with produces  hemolysis on Wagatsuma agar
(Honda et al. 1988; Nishibuchi and Kaper 1995). These 2
virulence factors cause similar biological activities such
as enterotoxicity, cytotoxicity and hemolytic activity (Park
et al. 2004). The presence of both TDH and TRH toxins
plays a major role during infections, however, irregularity
among cases are reported. In most common scenarios, the
tdh gene has been found in only 1-2% of environmental
strains (Honda and Iida 1993). Vibrio parahaemolyticus
isolated from different marine products showed the pres-
ence of tdh and trh genes (Ryu et al. 2019; Ashrafudoulla
et al. 2021; Zhong et al. 2022). In Korea, a study reported
2 (2.4%) and 8 (9.5%) of 84 strains with tdh and trh genes
positive samples isolated from shellfish (Oh et al. 2011).
Previously, the presence of tdh and trh genes in other
Vibrio spp, including V. cholerae non-O1/non-0O139, V.
diabolicus and V. alginolyticus had been studies by Rag-
hunath (2015). Dahanayake et al. (2020a) found tdh in
V. diabolicus isolates from cockles and V. alginolyticus
isolates from abalone in Korean seafood. And V. para-
haemolyticus isolated from oysters and clams harbored
tdh and trh genes (Robert-Pillot et al. 2004; Vongxay et al.
2008). Tdh and trh genes in V. parahaemolyticus and V.
vulnificus were isolated from retail raw oysters in Thailand
(Changchai and Saunjit 2014). Ahmed et al. (2018) found
tdh and trh genes in V. parahaemolyticus isolated from
crustaceans in Egypt. V. parahaemolyticus strains isolated
from mussels, clams and cockles expressed trh and tdh
genes (Jingjit et al. 2021). According to Jang et al. (2020),
the incidence of the trh gene was identified in V. para-
haemolyticus strains isolated from shellfish and shrimp
samples collected from the West Coast of Korea.

The toxR virulence gene is known to regulate the
expression of virulence genes in Vibrio species and also
produces chemotaxis proteins that aid in colonization in
the intestine (Mey et al. 2015). This gene was found preva-
lent among V. alginolyticus isolates in mollusk seafood in
Korea (Dahanayake et al. 2018, 2020b). V. parahaemo-
Iyticus isolated from clams, oysters and scallops in Poland
expressed foxR genes (Lopatek et al. 2015). V. cholerae
isolates from mussels were positive for toxR and hiyA
genes (Ottaviani et al. 2009). Tan et al. (2020) identified
the toxR gene in V. parahaemolyticus isolated from surf
clams and blood clams in Malaysia. V. parahaemolyti-
cus isolated from oysters and mussels express toxR gene
(Stratev et al. 2023). Vibrio parahaemolyticus isolates
from shellfish in India expressed tdh, trh and toxR genes
(Narayanan et al. 2020). Vibrio species carrying the tdh
and 7rh genes are acknowledged as pathogenic, capable of
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inducing acute infections in humans (Robert-Pillot et al.
2004). Table 1 summarizes the virulence factors of Vibrio
spp. isolated from shellfish.

3.2 Extracellular enzymes

The extracellular enzymes of Vibrio spp. actively participate
in potential virulence as secretions (Soto-Rodriguez et al.
2003; Elavarashi et al. 2017). These enzymes are health risk
indicators of Vibrio spp. and present in clinical, environmen-
tal and food sources (Lafisca et al. 2008). All mussel-borne
Vibrio isolates showed DNase and gelatinase activities while
most of the isolates showed caseinase, phospholipase and
lipase activities (Hossain et al. 2020). Furthermore, Vibrio
isolates from oysters, manila clams, scallops, cockles and
abalones were positive for most of the enzyme activities
(Dahanayake et al. 2018, 2020a). The extracellular DNase
enzymes facilitate DNA hydrolysis and reproduction of the
bacterial strains (Vergis et al. 2002). V. parahaemolyticus
isolated from fresh oysters were positive for lipase, phos-
pholipase, protease, gelatinase, caseinase and Dnase activi-
ties (Costa et al. 2013). In another study, V. parahaemo-
lyticus isolated from clams, sea mussels and oyster showed
hemolytic, lipase, protease, gelatinase, and Dnase activities
(Ashrafudoulla et al. 2021). Narayanan et al. (2020) and
Silvester et al. (2022) studied p-hemolytic activity (KP) of
V. parahaemolyticus isolated from shellfish, shrimps and
crabs in India. Jingjit et al. (2021) also observed the hemo-
lytic activity of V. parahaemolyticus strains isolated from
mussels, clams and cockles. Cytotoxic, proteolytic, DNase,
mucinase, lecithinase and lipase activities of V. vulnificus
isolated from oyster was reported by Quifiones-Ramirez
et al. (2010). Gelatinase and caseinase enzymes are related
to gelatin and protein deterioration, respectively. Lipase
helps to obtain nutrients by deteriorating the lipid membrane
of host cells, while phospholipase involves in hemolysis and
lecithinase activity (Fiore et al. 1997; Cocchiaro et al. 2008).
V. parahaemolyticus, V. cholerae, V. parahaemolyticu, V.
ponticus, V. litoralis, V. metschnikovii and V. crassostreae
isolated from fresh and processed mollusk showed positive
activities for lipase, phospholipase, gelatinase, caseinase,
DNase, amylase and p-hemolysin (Silva et al. 2018). Shell-
fish can be vehicles of Vibrio spp. that can express extracel-
lular enzymes associated with bacterial pathogenesis. Cook-
ing is recommended in case of human consumption.

3.3 Other virulence factors and virulence genes

V. parahaemolyticus binds to the host cell during infec-
tion with the use of adhesion factors such as fibronectin
and phosphatidic acid (Wang et al. 2015). Vongxay et al.
(2008) observed the adherence activity of V. parahaemo-
lyticus isolated from clams and mussels to Caco-2 cells. The
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adherence ability of V. vulnificus strains from oysters was
reported by Quifiones-Ramirez et al. (2010). Vibrio spp. can
form biofilm and can survive in stressful conditions result-
ing in increased infectivity and transmission (Song et al.
2017). Sadat et al. (2021) reported the biofilm-forming
ability of V. parahaemolyticus and V. alginolyticus isolated
from seafood. V. cholerae strains isolated from crustaceans
also displayed biofilm formation (Ahmed et al. 2018). The
biofilm-forming ability of V. parahaemolyticus isolated from
mussels was shown by Ashrafudoulla et al. (2019).

V. vulnificus consists of various virulence factors that
facilitate invasion and growth in the host environment. The
V. vulnificus hemolysin gene (vvh) is one of the multiple
virulence factors of V. vulnificus. Ingestion of contami-
nated seafood can also cause V. vulnificus human infection,
which results in 1% of food-related deaths around the globe
(Miyoshi 2006; Giltner et al. 2012). V. vulnificus strains
from oysters in Thailand showed the presence of vvh gene
(Changchai and Saunjit 2014). Castello et al. (2022) also
studied the vvh gene in V. vulnificus strains isolated from
oysters, clams and mussels.

According to the results obtained from whole-genome
sequencing studies, the pathogenic isolates of V. para-
haemolyticus encode 2 types of type III secretion systems
(T3SS) known as T3SS1 and T3SS2 (Makino et al. 2003;
Ritchie et al. 2012). The vopB, vscP, vopS, vscK, vscF,
vopB2, vscC2, vscS2, vopT, and vopD genes are involved
in translocating effector proteins and are essential for the
performance of T3SS (Dietsche et al. 2016). V. parahaemo-
Iyticus isolated from mussels expressed biofilm genes VP950
(encoding a lipoprotein-related protein), type VI secretion
T6SS (VP1409), VP952, and VP962 (encoding a hypotheti-
cal protein), Type I pilus (VP1510), pathogenicity Island-2
(VPal-2), and VPal-6 (VP1253) genes (Ashrafudoulla
et al. 2019). Cytotoxicity and serious diseases are caused
by transporting distinct effectors and toxins into the cyto-
plasm via T3SS1 and T3SS2 systems (Wang et al. 2015).
Hcp, vasH, vgrG and PAAR genes encode proteins that
are a key component of type VI secretion system (T6SS)
(Church et al. 2016). Hep, vasH, vgrG, vopB, vopD, proA,
pvsA (ferric Vibrioferrin receptor), pvuA, wza (capsular pol-
ysaccharide) and lafA (lateral flagella’s flagellin) genes were
reported in V. alginolyticus isolated from oysters in Mexico
City (Hernandez-Robles et al. 2016). V. parahaemolyticus
isolated from fresh oysters, clams and shrimps expressed
vscP, vopS, vscK, vscF, vopB2, vscC2, vscS2 and vopT
genes (Chen et al. 2018). The pirABvp genes, which are the
Photorhabdus insect-related toxin genes, are located on a
plasmid in Vibrio parahaemolyticus. These genes have been
recognized as virulence factors implicated in the develop-
ment of acute hepatopancreatic necrosis disease (AHPND)
in shrimp. Hong et al. (2020) reported the presence of these
genes in Vibrio parahaemolyticus isolated from molluscan

shellfish and shrimps in Vietnam. The pirABvp genes iden-
tified in Vibrio parahaemolyticus strains that were isolated
from shellfish and shrimp collected from the West Coast of
Korea (Jang et al. 2020).

Alvarez-Contreras et al. (2021) reported the presence
of different virulence genes. vppC (collagenase), tlh (ther-
molabile hemolysin), vwvhA (hemolytic cytolysin) and vmh
(hemolysin), pvsA, wza and lafA genes were displayed in V.
parahaemolyticus, V. mimicus, V. vulnificus and V. algino-
Iyticus isolated from oysters, mussels and clams. The pvsA
and pvsD genes that play role in the siderophore formation
have been reported in V. alginolyticus (Sha et al. 2013). V.
cholerae pathogenicity island (VPI) is known to harbor sev-
eral virulence genes at the same location, mainly in epidemic
strains was prevalent in molluscan seafood in Korea (Hos-
sain et al. 2020; Wickramanayake et al. 2020). Ahmed et al.
(2018) studied ctx (cholera toxin) and hlyA (hylA-Class)
genes of V. cholerae strains isolated from crustaceans. V.
cholerae strains isolated from oysters, mussels and clams
expressed ctx and hlyAET genes (Castello et al. 2022). Pres-
ence of several virulence genes in Vibrio spp. isolated from
shellfish indicate that these strains possess potential viru-
lence characteristics and can act as reservoirs of pathogenic
Vibrio in humans.

4 Use of antimicrobials and disinfectants
in the fish industry

Fish farms contribute to the pollution of the environment
through the release of antimicrobials and other therapeutic
agents, leading to environmental contamination. Most of the
administrated antimicrobials are released into the surround-
ing aquatic environments as effluents such as untreated sea-
water, pollutants such as excessive feed and fish excretions
(Jang et al. 2018). The excessive use of antimicrobials as
therapeutic agents has resulted in the emergence of multid-
rug-resistant bacterial strains and has facilitated the transfer
of antimicrobial resistance genes through horizontal gene
transfer mechanisms. This has contributed to the prolifera-
tion of antimicrobial-resistant bacteria in various environ-
ments (Son et al. 1997; Levy 2001; Manjusha et al. 2005).

4.1 Occurrence of multidrug-resistant Vibrio spp.
in molluscan shellfish

Among the list of extensively used antimicrobials, cefo-
taxime, amikacin, gentamicin, tetracycline and trimetho-
prim—sulfamethoxazole are being used to treat Vibrio infec-
tions (Daniels et al. 2000; Shaw et al. 2014). In a previous
study, all Manila clam-borne vibrios showed resistance to at
least two antimicrobials. Of the resisted antimicrobials, high
resistance rates among isolates were observed particularly
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for ampicillin, piperacillin, rifampicin, colistin sulfate and
cephalothin (Dahanayake et al. 2018; De Silva et al. 2019).
V. alginolyticus, V. parahaemolyticus, V. harveyi, V. vulnifi-
cus and V. cholerae harbored from oysters, Japanese carpet
shells, cockles, clams (Venus gallina/Chamelea gallina)
and mussels (Mytilus galloprovinciallis and Modiolus bar-
batus) were resistant to tetracycline, ceftazidime, piperacil-
lin, amoxicillin/clavulanic acid, azithromycin, cefoxitin, and
streptomycin (Mancini et al. 2023).

Previous studies have reported high ampicillin resistance
among Vibrio spp. isolated from coastal areas, estuaries,
fish, and shellfish farms (Kim et al. 2005; Lee et al. 2009;
Oh et al. 2009). Vibrio spp. isolated from clams and oysters
in Nigeria showed resistance to Trimethoprim-Sulfamethox-
azole (Udoekong et al. 2021). Particularly, V. parahaemolyti-
cus isolates were found resistant to ampicillin in most of the
mollusk’s Vibrio isolates (Jun et al. 2012). V. parahaemolyti-
cus isolated from short-necked clams (Venerupis philippi-
narum) and oysters (Crassostrea gigas) showed resistance to
ampicillin, cefotaxime, cefeprime, cephalothin, kanamycin,
streptomycin and vancomycin (Jo et al. 2020). Resistance
for ampicillin, cephalothin, carbenicillin, trimethoprim-
sulfamethoxazole and gentamycin was reported in V. para-
haemolyticus, V. mimicus, V. vulnificus and V. alginolyticus
isolated from oysters, mussels and clams (Alvarez-Contreras
et al. 2021). Castello et al. (2022) found ampicillin, cepha-
lothin, ceftriaxone, ceftazidime, gentamicin, tetracycline,
kanamycin, cefazolin and streptomycin-resistant V. para-
haemolyticus, V. vulnificus, V. cholerae NCV and V. algino-
Iyticus isolated from clams, mussels and oysters in Sicily. V.
parahaemolyticus isolated from bivalve shellfish were found
resistant to ampicillin, cefixime, streptomycin, trimethoprim
and amikacin (Hu and Chen 2016; Ryu et al. 2019). In a
study by Lopatek et al. (2015), V. parahaemolyticus from
shellfish; which were sold in Polish markets and originated
from France, Norway, Italy and Netherlands, were found
resistant to ampicillin, streptomycin and gentamicin. Resist-
ant for ampicillin, streptomycin and colistin was observed in
molluscan shellfish and shrimps borne Vibrio parahaemo-
Iyticus in Vietnam (Hong et al. 2020). Mok et al. (2019a)
reported ampicillin, cefazolin, aztreonam, amikacin, strep-
tomyecin, trimethoprim, kanamycin, gentamicin, aztreonam
resistant strains of V. parahaemolyticus and V. cholerae
isolated from oyster, ark shell and mussel from Korea. V.
parahaemolyticus and V. alginolyticus strains collected
from common cockle (Cerastoderma edule) and white leg
shrimp in Egypt were resistant to ampicillin, trimethoprim-
sulfamethoxazole, erythromycin, tetracycline, penicillin,
gentamicin, ciprofloxacin and nalidixic acid (Sadat et al.
2021). Stratev et al. (2023) observed ampicillin, cefepime,
and ceftazidime resistance in V. parahaemolyticus isolated
from oysters and mussels. The multiple antimicrobial resist-
ance (MAR) index > 0.2 is considered a high-risk source
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of contamination where antimicrobials are frequently used
(Krumperman 1983). Over 50% of the Vibrio isolates from
oysters, Manila clams, scallops and cockles showed > 0.2
(MAR) index (Sadat et al. 2021; Stratev et al. 2023). Table 2
summarizes the resistant antibiotic of Vibrio spp. isolated
from shellfish.

The production of extended-spectrum p-lactamases
(ESBL) facilitates the isolates to be resistant against f-lactam
antimicrobials. Among beta-lactamase enzyme groups,
ESBLs are associate with hydrolyzing penicillins, extended-
spectrum cephalosporins and carbapenems. ESBLs are most
frequently reported in vibrios isolated from a variety of
sources such as clinical, environmental and food sources (Jun
et al. 2012). A study reported 88.9% of the vibrios carrying
beta-lactam resistance among marine or coastal environmental
isolates (Zanetti et al. 2001). In previous studies, ESBL gene
blary was reported as the most prevalent among the Vibrio
spp. from molluscan seafood. The blary_,, gene was identi-
fied in Vibrio spp. isolated from Manila clams (87%), cockles
(78%), mussels (87.5%), and abalone (85%). The blayg,, gene
was present in Manila clams (55%), cockles (40%), mussels
(40.6%), and abalone (10%) Vibrio isolates. In addition, few
molluscan Vibrio isolates carrying aphA-IAB, strA-strB (regu-
late the kanamycin and streptomycin resistance mechanism,
respectively), blagyy, tetA, tetB (responsible for tetracycline
resistance) and Class 1 integron-related Integrase 1 (intl1)
resistance genes were also detected (Dahanayake et al. 2020a;
Wickramanayake et al. 2020). Silvester et al. (2019) studied
the presence of bla-ry_,, and blayy,,_; genes in Vibrio spp.
isolated from seafood. The intll gene act as an exhibitor
which helps to identify different environmental pressures and
is mostly engaged in the dissemination of antimicrobial resist-
ance genes (Gillings et al. 2015). Rojas et al. (2011) reported
blarg,, gene in V. parahaemolyticus isolated from oysters
and mussels. V. parahaemolyticus isolated from oysters in
Thailand demonstrated the presence of gnr (quinolones), strB
(streptomycin), sul2 (sulfamethoxazole), tetA (tetracycline),
ermb (erythromycin) and bla;y,, genes (Jeamsripong et al.
2020). Nsikan et al. (2021) studied the gnrB, VIM (Vimentin)
and SHV (sulfhydryl reagent variable) genes in Vibrio spp.
isolated from shellfish in Nigeria. V. splendidus, V. kanaloae,
V. hemicentroti, V. neocaledonicus and V. jasicida strains iso-
lated from razor shells and clams expressed cat (C acetyltrans-
ferase genes) and et genes (Dubert et al. 2016). Vibrio resist-
ance to antibiotics is not only mediated by chromosomal gene
transfer but also by plasmids transfer. Manjusha and Sarita
(2013) reported the plasmid-mediated transfer of amoxicillin,
ampicillin, amikacin, carbenicillin, cefuroxime, furazolidone,
streptomycin, chloramphenicol, trimethoprim and tetracycline
in Vibro spp. isolated from molluscan and shrimp. In aquacul-
ture farming, judicious exploitation of antibiotics should be
followed to prevent antibiotic resistance in pathogenic bacte-
ria. Resistance of shellfish-associated pathogenic Vibro spp.
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to antibiotics and expression of antibiotic resistance genes
indicate a potential risk to treat vibrios infection in humans.
Consuming raw or undercooked seafood, especially shellfish,
poses a significant threat to consumers.

5 Control measures to minimize Vibrio spp.
in molluscan shellfish

Shellfish offer a nutritious and valuable source of high-qual-
ity proteins, beneficial polyunsaturated fatty acids, essential
vitamins, and minerals contributing to a balanced and health-
ful diet (Prester 2011). But the prevalence of different mul-
tidrug resistance pathogens including Vibrio spp. increases
the incidence of infection by seafood for consumers (Dubert
et al. 2016; Mancini et al. 2023). Several measures should
be taken to avoid or minimize the potential threat of multid-
rug resistance, pathogenic Vibrio spp. in molluscan shellfish.
Implementation of good aquaculture practices including the
maintenance of proper water quality, minimizing pollution or
contamination and ensuring appropriate nutrition and feeding
practices can help reduce the risk of Vibrio spp. contamina-
tion (Vaiyapuri et al. 2021). Application of proper harvesting
and handling techniques, use of clean equipment and ensuring
proper temperature control during storage and transportation
can minimize contamination risks (Tan et al. 2020). High-
temperature processing of molluscan shellfish can effectively
reduce the level of pathogenic bacteria (CDC 2023). Rais-
ing awareness among consumers, food handlers, and pro-
ducers about the risks associated with multidrug-resistant
Vibrio can promote safe handling and consumption practices
(Serweciniska 2020). Implementing and enforcing regulatory
controls, such as regular monitoring and testing of shellfish for
Vibrio contamination, can help ensure compliance with safety
standards (Tan et al. 2020). Conducting regular surveillance
of Vibrio strains present in shellfish can help identify poten-
tial multidrug-resistant strains. This information can guide
appropriate interventions and preventive measures (Bayliss
et al. 2017). Furthermore, the utilization of probiotics and
prebiotics, immunostimulants, quorum quenching bacteria,
phytochemicals (essential oils) and antimicrobial peptides
against Vibrio spp. as viable alternatives to antibiotics have
demonstrated promising potential in the field. By incorporat-
ing them into various treatment approaches, the risk of Vibrio
infections and the emergence of multidrug-resistant strains
can be significantly reduced (Vaiyapuri et al. 2021).

6 Conclusions

This review emphasizes the significance of molluscan shell-
fish as potential reservoirs of Vibrio spp., which can spread
to seafood, humans, and the surrounding environment.
Vibriosis, caused by various Vibrio species, is a significant

public health concern associated with the consumption of
contaminated seafood, particularly mollusks. V. parahaemo-
lyticus, V. vulnificus and V. alginolyticus are among the most
common Vibrio species implicated in human infections.
The presence of virulence genes and antimicrobial resist-
ance among Vibrio spp. isolates from shellfish indicate that
pathogenic and resistant strains of Vibrio spp. are already
distributed in seafood and are a matter of concern for pub-
lic health. It is recommended that enhanced monitoring for
examining the occurrence patterns of potentially pathogenic
seafood production, improved sanitation practices, and the
development of rapid diagnostic methods to detect virulence
markers more efficiently can aid in the early detection and
control of Vibrio contamination. In addition, new strate-
gies involving effective and safer antimicrobials or alterna-
tive non-antimicrobial compounds should be developed to
overcome this issue. It emphasizes the need for continued
research, surveillance, and education to ensure the safety of
seafood consumers and mitigate the impact of vibriosis on
public health. By implementing comprehensive strategies,
we can strive towards reducing the incidence of Vibrio infec-
tions and safeguarding the well-being of individuals who
consume mollusks and other seafood products.
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