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The increase in the consumption of seafood worldwide has resulted in the increased mobility
of fishery products across the globe. Fish produced in one part of the world make it to another
part as fresh or in the form of various fishery products. This trend, though desirable as a means
of meeting the food demands of the increasing global population, has also raised concerns on
the human health problems from seafood.

Microbial pathogens are a major threat to human health through the consumption of
contaminated foods, including seafood. Though the food production systems have undergone
enormous transformation from traditional ways to scientifically sound, technologically robust
systems that produce safe, healthy and nutritionally balanced foods, food-borne pathogens are
still a great challenge to human health in the modern world. The eating habits are constantly on
the change with the modern population preferring ready-to-cook and ready-to-eat foods that
save time spent otherwise on preparation of food. This has enormously increased the
responsibility of food processing firms to produce food that is very safe and free from human
pathogens. Further, the consumer population is also diverse. Consumers with compromised
immunity due to underlying health debilitations such as cancer, viral infections and liver
dysfunction are readily prone to infections by pathogens present in very low numbers, which
otherwise do not pose any health risk to healthy consumers. Therefore, managing food safety
involves a variety of factors, which can make the process quite complex.

Seafood is known to cause illnesses due to the presence of agents harmful to human
health, which may or may not be intrinsic to the aquatic food. The potentially harmful agents
in fish or shellfish are chemicals, heavy metals, marine toxins or infectious agents. The
biological agents of infections in seafood are bacteria, viruses and parasites. In developed
countries such as the United States, Europe and Canada, seafood is responsible for a significant
proportion of outbreaks (Iwamoto et al. 2010). Between 1973 and 2006, 188 seafood-borne
outbreaks leading to 4020 illnesses, 161 hospitalizations and 11 deaths were recorded by the

Food-borne disease outbreak surveillance system in the USA (Iwamoto et al. 2010). A large
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proportion of outbreaks were caused by bacterial pathogens (76%), followed by viruses (21%)
and parasites (2.6%). The majority of the seafood-borne outbreaks involved molluscan shellfish
(45%), followed by fish (39%) and crustaceans (16%) (Iwamoto et al. 2010). Among bacterial
agents, Gram-negative bacteria such as FEscherichia coli, Salmonella enterica, and
Campylobacter jejuni are prominent (Amagliani et al. 2012). Birds and animals are the
reservoirs of these pathogens, and their presence in seafood is solely due to faecal
contamination of the aquatic environment. Others, such as vibrios are naturally present in the
coastal-marine environments and are found in fish and shellfish harvested from such
environments. V. cholerae, V. parahemolyticus and V. vulnificus are the prominent human
pathogenic vibrios found in fish and shellfish. Though these bacteria are natural contaminants
of seafood, their numbers in seafood depend on the way in which seafood is handled at various
stages of processing till the final product is prepared.

The occurrence of human pathogens in wild-caught seafood has been widely reported
from India and abroad. In the last two decades, however, aquaculture of fish and shellfish has
increased dramatically all over the world. With farmed fish and shrimp gradually becoming a
major part of food fish, the quality and safety of these have become an important issue. Nearly
half the seafood consumed in the US is imported from other countries, mainly from Asia. India
exports its marine products worth USD 3.5 billion to nearly 100 countries, with Southeast Asia,
the European Union, the United States and Japan being the major importers. India is also the
second largest producer of aquaculture shrimp, and frozen shrimp is the largest exported item
in terms of value. In 2013, India produced 2.9 million tons of shrimp by aquaculture. The
modern intensive method of aquaculture with varieties of inputs such as seed, feed, vaccines
and antimicrobials offers a formidable challenge of food quality and safety management. The
globalization of trade has resulted in the worldwide movement of seafood. The food produced
in one corner of the globe may be consumed in the other and this has made the problem of
quality and safety assurance very intricate.

The problem of seafood contamination with pathogenic microorganisms is becoming
increasingly important in developing and highly populous countries such as India, where
anthropogenic contamination of aquatic bodies is quite common. The routes of contamination
of seafood are several and often very difficult to identify. Contamination of coastal water bodies
such as estuaries, creeks and backwaters takes place from direct discharge of domestic sewage
and as a consequence, fish and shellfish harvested from such water bodies may harbor enteric
pathogens. Fish and shellfish harvested from deep seawaters are free from enteric pathogens
though they may harbor the naturally occurring vibrios. However after landing of fresh seafood,

introduction of pathogens can occur through several portals of contamination. Washing of fresh
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fish with coastal water is highly undesirable and is the major source of contamination. The poor
quality of ice used in landing centers as well as by retail fish sellers results in contamination of
fish and shellfish after harvest. Often, the quality of water used for making ice is not tested and
the ice prepared from non-potable water can severely compromise the quality of iced fish and
shrimp. Unhygienic handling of fish in the landing centers, retail markets and during
transportation are other important routes of contamination. This problem is more pronounced
in seafood meant for domestic consumption and sold in open retail markets in developing
countries. In India for example, fish are sold in the open, often without ice and handled
extensively by both fish sellers and the customers, compromising the quality of fish. Flies, dust
and dirt from fish storage containers and the environment are other important sources of
contamination. In comparison to wild caught seafood, farmed fish and shellfish are raised in a
closed system and are handled differently. Nevertheless, the routes of contamination by the
pathogenic microorganisms are virtually the same or even more in aquaculture systems owing
to several inputs such as the organic fertilizers, feeds, seeds etc. The use of antimicrobials,
disinfectants and probiotics greatly influence the microbial composition of water and the
sediment and the types of human pathogens present in farmed shrimps. The presence of human
pathogenic bacteria compromises the safety and acceptability of seafood and can lead to
detentions and rejections leading to economic losses to the producer. Therefore, good
manufacturing practices and identification and management of possible sources of
contamination of shrimps from farm to the consumer are necessary to produce shrimps free
from human pathogens. Some of the bacterial pathogens that can compromise the safety of
farmed fish and shrimps and their importance to human health are discussed here.

The Vibrio group is one of the most important food pathogens of human health
significance in seafood. Vibrios are naturally present in coastal-marine waters and as result, are
found in variable numbers in all seafoods. Their numbers can vary depending on several factors
such as the season, physical parameters of water such as temperature, salinity, and nutrient
concentrations. A large number of Vibrio species are widely distributed in coastal-marine
waters, of which V. cholerae, V. parahemolyticus and V. vulnificus are important human
pathogens that can cause a variety of infections such as gastroenteritis, wound infections,
septicemia etc. V. cholerae, the causative agent of cholera, is also found in association with
chitinous organisms such as copepods, crustaceans as well as with microalgae, zooplankton and
fish (Colwell 1996).

Vibrio cholerae
V. cholerae are of two types, Ol and non-O1 based on their agglutination with Ol

antiserum. O1 V. cholerae and one non-O1 V. cholerae (O139 Bengal) are responsible for
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cholera and all other non-O1 and non-O139 V. cholerae do not infect humans or only cause
mild illnesses (Datta et al. 2013). The virulence of V. cholerae O1 and O139 Bengal are
primarily due to their ability to produce cholera toxin CTX. The El Tor variant V. cholerae O1
strain has three ctxB genotypes: ctxB1, ctxB2, and ctxB3, whereas V. cholerae O139 has
three ctxB genotypes, including ctxB4, ctxBS, and ctxB6 (Takahashi et al. 2021). Whole-
genome analysis of a seafood isolate from Andhra Pradesh revealed it belongs to a unique clone
of the seventh pandemic V. cholerae O1 El Tor carrying the Haitian cholera toxin (ctxB7) gene.
It shows sequence variations in type 6 secretion system (T6SS) genes (vasX and vgrG) and
regulatory genes (ompU and toxR). The isolate contains pandemic (V'C2346), virulence (hlyA,
rtxA, mshA, makA, toxR, ace, ctxA, ompU, zot, and als), pathogenic, and pandemic island genes.
It also harbors antibiotic resistance genes for co-trimoxazole, streptomycin, chloramphenicol,
and fluoroquinolone (Ayyappan et al. 2025). Infection by V. cholerae occurs when
contaminated water or improperly cooked seafood is consumed. A surveillance study by the
National Institute of Cholera and Endemic Diseases (NICED), India, from 1996 to 2016,
revealed that cholera transmission and spread were higher in socioeconomically deprived
populations, regardless of whether they were in urban or rural areas. Additionally, many Indian
states have remained endemic to cholera (Saha and Ganguly, 2021). Studies from India have
shown the occurrence of V. cholerae in aquacultured fish and shellfish. Importing countries
such as USA and Canada prescribe zero tolerance for V. cholerae in ready to eat foods. There
have been instances of seafood rejection due to the presence of V. cholerae in the past and
recently, shrimp from China was rejected by Australia following the detection of V. cholerae.
However, aquacultured shrimp has not been implicated in any case of human cholera. Though
several studies have reported the occurrence of non-O1 V. cholerae in aquaculture pond water,
sediments and shrimp (Gopal et al. 2005), the presence of O1 V. cholerae has rarely been found.
Therefore, the perceived health risk from V. cholerae in aquacultured shrimp is very low
(Karunasagar 2008). Nevertheless, routine surveillance of farmed fish and shrimp,
environments and finished products is necessary to ensure that these are free from choleragenic
V. cholerae.
Vibrio parahemolyticus

The halophilic pathogenic bacterium V. parahemolyticus is widely distributed in coastal
waters worldwide and is commonly found in seafood, sometimes in numbers as high as 10°-
10*/g in oysters and <10%/g in tropical shrimp (Kaneko and Colwell,1973; Gopal et al. 2005;
Deepanjali et al. 2006). Physical properties of water such as temperature and salinity influence
the abundance of these in temperate waters (Kaneko and Colwell, 1975; DePaola et al. 2003).

Food-borne infections occur when V. parahemolyticus are present in numbers exceeding 10°
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cfu. The highest detection of V. parahemolyticus in fish during warm months indicates a
possible connection between increased temperatures and bacterial prevalence (Al-Garadi et al.
2025). Farmed oysters, mussels and scallops have been responsible for V. parahemolyticus
infections world-wide. Furthermore, in less developed countries, V. parahaemolyticus has been
linked to as much as 20% of acute diarrheal cases (Zaher et al. 2021). Severe watery diarrhea,
abdominal cramps, nausea, vomiting and fever are some of the symptoms of V. parahemolyticus
infection. Gastroenteritis occurs when shellfish such as oysters and clams are consumed raw
or minimally cooked. However, not all V. parahemolyticus are pathogenic, but those producing
either a thermostable direct hemolysin (TDH) and/or a TDH-related hemolysin (TRH) are
pathogenic (Honda et al. 1988; Okuda et al. 1997). TDH and TRH are encoded by tdh and trh
genes that have about 70% nucleotide sequence similarity (Nishibuchi et al. 1989). Studies have
shown that <1% of the seafood isolates of V. parahemolyticus are tdh", while the occurrence of
trh" V. parahemolyticus is much higher, with some studies reporting as high as 60%
(Deepanjali et al. 2005). Since 1996, a pandemic clone of O3:K6 which was first detected in
Calcutta, India (Okuda et al. 1997) has been responsible for many outbreaks in Asia and the
USA (WHO 1999; Chowdhury et al. 2004). These strains harbor ¢dh gene but not the 4 gene.
V. parahemolyticus can be found in farmed shrimp, and recently, the occurrence of early
mortality syndrome (EMS) has been attributed to V. parahemolyticus in Litopenaeus vannamei
farms (Tran et al. 2013). In L. vannamei farms using ground saline water for aquaculture in
India, infection of juvenile shrimps by V. parahemolyticus has been reported (Kumar et al.
2014). However, the levels of human pathogenic strains of V. parahemolyticus in farmed
shrimps in India are very low and so far, no significant outbreaks of gastroenteritis have been
attributed to farmed shrimp. Studies from Southeast Asia have shown however, that cultured
shrimps, aquaculture pond water and sediments harbor V. parahemolyticus and some studies
have reported a high prevalence (7-15%) of tdh"™ V. parahemolyticus in shrimp culture environs
(Mohammad et al. 2005) ; Sujeewa et al. 2009). Obviously, the presence of high levels of V.
parahemolyticus constitutes a health risk and increases of chances of cross-contamination of
foods with the pathogen. V. parahaemolyticus isolates from retail seafood products from
Qidong market exhibited high resistance to ampicillin, showed intermediate resistance to
cefuroxime and cefazolin, and remained sensitive to the other antibiotics tested (Huang et al.
2024). A combination of a phage cocktail and 500 pg/mL citric acid effectively act as a
bacteriostatic agent to control V. parahaemolyticus in seafood (Zheng et al. 2024).

Since V. parahemolyticus cannot grow at low temperatures, proper icing or chilling after
harvesting farmed shrimp will prevent the multiplication of this pathogen in fresh shrimp.

Importantly, the contamination of ready-to-eat products should be strictly prevented to avoid
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such foods being vehicles of V. parahemolyticus. Furthermore, V. parahaemolyticus exhibits
the ability to form biofilms, underscoring the importance of cleaning and disinfection in seafood
handling environments (Wang et al. 2022). Perillaldehyde (PAH) could be used alone or
alongside other preservation methods to manage V. parahaemolyticus infection and its biofilm
in seafood (Zhu et al.2024). The limit for V. parahemolyticus in seafood is10%*/g and levels of
>10%g are regarded as unacceptable.
Vibrio vulnificus

V. vulnificus is another important human pathogenic vibrio associated with fish and
shellfish. V. vulnificus is known to cause serious infections in people with compromised
immunity, liver diseases and iron-overloaded conditions, with a fatality rate as high as 50%. V.
vulnificus infections are associated with eating raw molluscan shellfish which accumulate this
pathogen from surrounding waters. V. vulnificus has been reported to be responsible for more
than 95% of deaths associated with consumption of seafood. Two thousand nine hundred and
eighty-nine V. vulnificus cases were reported from 2000 to 2022 in the United States, including
656 (22%) foodborne and 1,619 (54%) non-foodborne cases (Hast et al. 2025). A meta-analysis
of the selected studies found that the overall prevalence of seafood-borne V. vulnificus in Asia
is 10.47%, with bivalve shellfish like oysters, mussels, clams, and cockles being the most
contaminated. Japan had the highest prevalence, with 47.6% of seafood samples testing positive
for V. vulnificus (Tanveer et al. 2024). V. vulnificus can cause fatal wound infections since the
bacterium can enter into the circulatory system and cause septicemia. Necrotizing fasciitis and
inflammatory infection (sepsis) are caused by V. vulnificus infections, which have a high
mortality rate (64.9%) and are linked to liver dysfunction in 91.6% of cases (Fatima et al. 2025).
Low salinities (5 to 25 ppt) and warm temperatures (20 to 35°C) have been favorable for this
organism (Parvathi et al. 2004). Most seafood-derived isolates and all 15 clinical isolates
carried the virulence-associated gene vegC and 16S rRNA type B. These isolates displayed a
variety of virulence factors (VFs), such as flagella, outer membrane proteins, RTX toxins, and
several secretion systems (Long et al. 2025). Foodborne isolates of V. vulnificus contain
virulence-associated genes that are almost identical to those found in clinical strains (Xu et al.
2025). Filter-feeding oysters and mussels which concentrate V. vulnificus to several-fold higher
concentrations than the surrounding water have been commonly responsible for infections in
the past. However, the occurrence of this organism in frozen processed shrimp suggests a
potential health hazard if such products are consumed raw. Though there are no reports of V.
vulnificus infection due to the consumption of farmed raw shrimp, there is one report of V.
vulnificus infection following the consumption of raw mantis shrimp (Centre for Health

Protection 2012).
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Listeria monocytogenes

L. monocytogenes is widely distributed in nature and is an important pathogen of
humans, especially those with underlying immunological debilitations or whose immune
response is compromised (Gahan and Hill 2014). Listeriosis is a rare foodborne illness caused
by L. monocytogenes, with an incidence of 0.1 to 10 cases per million people annually, as
reported by the World Health Organization (WHO). It can grow in temperatures from 1°C to
50°C, tolerate freezing conditions, and become inactivated at 60°C for 30 minutes (Batt and
Tortorello, 2014). Of 13 serovars of L. monocytogenes, 1/2a and 4b are commonly involved in
food-borne listeriosis. The infection occurs when foods containing high levels of L.
monocytogenes are consumed. Most outbreaks have occurred with ready-to-eat, minimally
processed foods. L. monocytogenes is not indigenous to marine environment and hence may
not be found in farmed shrimp. However, post harvest contamination can result in the
introduction of this pathogen into shrimps or contamination of ready-to-eat products can occur
after preparation of the product and when such products are held at temperatures suitable for
the growth of L. monocytogenes, the numbers increase rapidly to infectious levels. There are
only a few reports of seafood-borne L. monocytogenes infections and often cold smoked fish
are involved in the outbreaks (Frederiksen 1991; Miettinen 1999). L.
monocytogenes contamination was a leading cause of microbiological food recalls in Australia,
Europe, the US, and Canada between 2012 and 2022 (Australian food recall statistics, 2025).
L. monocytogenes can grow in refrigeration temperatures of up to 3.3 °C and hence for storage
of RTE products, temperatures of <3 °C are recommended. USFDA has imposed zero tolerance
limit for L. monocytogenes in ready-to-eat seafood products such as smoked fish or crab meat.
L. monocytogenes isolates from raw fish showed complete resistance to meropenem, cefoxitin,
cefotaxime, rifampicin, and trimethoprim-sulfamethoxazole, along with significant resistance
to ciprofloxacin (91.7%), clindamycin (83.3%), tetracycline (75.0%), erythromycin (75.0%),
benzylpenicillin ~ (70.8%), and  nitrofurantoin  (70.8%).  Molecular  analysis
identified blaTEM (100%), ampC (37.5%), and ereB (37.5%) as the most common
antimicrobial resistance genes in L. monocytogenes (Sottysiuk et al. 2025). In food processing
environments, controlling L. monocytogenes relies on strict sanitation practices, environmental
monitoring programs, and the use of strong preventive controls. Facilities implement Good
Manufacturing Practices (GMPs) and Hazard Analysis and Critical Control Point (HACCP)
systems designed to reduce contamination risks, especially in high-risk areas like slicing,
packaging, and post-lethality zones (Luber, 2011).
Salmonella enterica

Salmonella contamination of the marine environment has been recognized as a serious
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threat to human health worldwide (Gomez et al. 1997). Salmonella is considered the major
disease-causing microorganism in humans and animals, and is one of the four major causes of
diarrhoeal diseases worldwide, representing a significant threat to human health (Wei et al.
2022). Seafood harvested from contaminated water acts as an important vehicle of transmission
of salmonellosis and the human infection is generally associated with the consumption of raw
or undercooked bivalve mollusks (Heinitz et al., 2000). Though Sa/monella is not indigenous
to the marine environment, the organism has been isolated from the marine environment
throughout the world, which is primarily attributed to the discharge of domestic sewage into
the marine-estuarine environment and due to land runoff (Heinitz, et al., 2000; Martinez-Urtaza,
2003). Filter-feeding animals such as oysters and clams concentrate pathogenic bacteria present
in the surrounding water in their tissues and thus act as reservoirs of Salmonella. Hence, most
of the seafood-associated salmonellosis worldwide have been associated with the consumption
of shellfish (Rippey, 1994). In India, past studies have reported the widespread presence of
Salmonella in wild-caught and farmed fish and shellfish (Hatha and Lakshmanaperumalsamy
1997; Kumar et al. 2003).

Salmonella involved in human infections via seafood generally belong to non-typhoid
serotypes. The occurrence of Salmonella in fish and shellfish is primarily due to faecal
contamination of culture environments, as well as post-harvest contamination through various
routes, such as ice prepared from non-potable water, contaminated water used for washing fish
and shellfish, and contact with fish handlers. Seafood plays a significant role in transmitting
non-typhoidal Salmonella enterica (NTS), with human infections frequently linked to the
consumption of raw or undercooked fish and shellfish (Elbashir et al. 2023). The prevalence of
Salmonella in aquaculture environments has been reported (Reilly et al. 1992; Reilly and
Kiferstein 1997). The accumulation of organic matter in the sediment provides a conducive
environment for pathogen survival and accumulation in aquaculture ponds (Reilly and
Kaéferstein 1997; Phan et al. 2005; Shabarinath et al.2007). Studies reported by the USFDA
showed that farmed seafood was more likely to contain Salmonella than wild-caught seafood
(Koonse et al. 2005). The prevalence of Sa/monella in seawater and seafood is influenced by
climate conditions, the most critical of which are rainfall and stormwater (Bienfang et al.,
2011).

The presence of Salmonella is a major reason for detentions of imported shrimps by the
US and EU (Wan Norhana et al 2010). Many countries including the USA, EU, New Zealand
and Australia recommend the absence of Sal/monella in 25 g of raw or RTE shrimps (Wan
Norhana et al. 2010). Certain serovars such as S. Weltevreden, commonly reported from Asian

shrimp culture systems, are also significant agents of non-typhoidal salmonellosis. Their
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presence in farmed shrimp is a definite human health risk, and there are possibilities of these
gaining more virulence due to complex interactions in the aquatic environment, and the
exposure to antibiotics used in aquaculture farms can lead to the development of resistance to
these agents. Sa/monella can enter the shrimp culture environments through water, feed, manure
and even probiotics (Wan Norhana et al. 2010). The use of organic manure increases the risk
of introducing Salmonella into the culture environment.

The use of antimicrobial agents in aquaculture to treat microbial infections or as
prophylaxis has raised concerns on the emergence of antibiotic-resistant bacteria. Unlike in
terrestrial animals in which antibiotics are administered orally or injected, antibiotics are fed
via feed to fish or shrimp Shrimps eat less than 25% of the feed put in the pond and the
remaining 75% of the feed pollutes the water and the sediment and if they contain antibiotic
substantial quantities of antimicrobials leach into water and the sediment, exposing the resident
bacterial flora to sub-lethal concentrations of antimicrobials resulting in the development of
antimicrobial resistance (FAO 1999; Heuer et al. 2009 ). It is well established that exposure of
bacteria to concentrations of antibiotics below their minimal inhibitory concentrations lead to
gradual development of antibiotic resistance. Antibiotic susceptibility testing showed that the
Salmonella seafood isolates from Indian waters were resistant to third-generation
cephalosporins, quinolones, fluoroquinolones, and tetracycline antibiotics, but they were
sensitive to ceftazidime, aztreonam, carbapenems, chloramphenicol, and aminoglycosides
(Prabhakar et al. 2025). In addition, bacteria may also acquire resistance mechanisms via
acquisition of mobile genetic elements such as plasmid, transposons, bacteriophages etc (Dever
and Dermody 1991; Kumar and Varela 2012). Human pathogenic bacteria in aquaculture
environment can become antibiotic resistant by acquisition of genes via horizontal transfer
mechanism (Kruse and Sorum1994; Aoki 1997). The presence of antibiotic residues in shrimps
has been responsible for several rejections between 2003 and 2006. Though the use of
antibiotics is banned, they continue being used in shrimp farms. Many of these antibiotics are
critically required for treating human infections and any development of resistance to them can
make several bacterial infections untreatable. Therefore, the unwanted use of antimicrobials in
aquaculture need to be discouraged and controlled with suitable laws to prevent the emergence
and spread of resistant bacterial communities.

Arcobacter spp.

Arcobacter spp. are considered important foodborne pathogens associated with both
human and animal diseases (Wang et al. 2021). Arcobacter spp. has been identified in various
food items derived from animals, including chicken, seafood, milk, pork, and beef. Considering

seafood, the overall prevalence of Arcobacter spp. was 28.8% in mussels, 35.3% in oyster and
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40.0% in clams (Mudadu et al. 2021). Arcobacters are commonly found in the intestinal tract
and feces of both healthy and diseased animals. (Ho et al., 2006). The overall prevalence of
Arcobacter spp. was found to be 34.96%, with the highest rates observed in water at 50%,
followed by mollusks at 46.15%, finfish at 33.8%, and cephalopods at 27.59%. Polymerase
chain reaction using specific primers for the Arcobacter genus and species was used to confirm
the isolates. Out of 112 Arcobacter isolates, 62 were identified as A. butzleri, 17 as A. skirrowii,
14 as A. cryaerophilus, and 19 as other species of Arcobacter (Salam et al. 2025). A. butzleri has
been recognized as an emerging foodborne pathogen that can be present at any stage of the food
chain, from farm to table. The most probable route of transmission to humans is through
ingestion of contaminated food or water. (Collado et al. 2011). Arcobacter spp. are associated
with gastroenteritis, abdominal cramps, and occasionally systemic infections in humans.
Various species belonging to the Arcobacter genus have been linked to enteric diseases and
other extraintestinal conditions, such as bacteremia and peritonitis (Ferreira et al. 2016). A.
butzleri is considered the fourth most common campylobacter-like organism found in diarrheal
human feces (Collado et al. 2013).

Campylobacter spp.

Campylobacter spp. are recognized as major foodborne pathogens that present a
health risk to consumers worldwide. The pathogen causes human campylobacteriosis and other
severe health issues that lead to high case-fatality rates and disability-adjusted life years
(DALYs) (Mwangi et al. 2025). The species most associated with human disease are C.
jejuni and C. coli, both recognized for causing gastrointestinal infections, particularly
gastroenteritis (Sheppard et al. 2015). Symptoms typically emerge 2 to 5 days after bacterial
ingestion and can persist for up to a week, predominantly presenting as gastroenteritis.
However, the infection may worsen and cause more serious complications, such as Guillain—
Barré syndrome, an autoimmune condition leading to paralysis, as well as reactive arthritis,
bacteremia, and, in rare cases, endocarditis (Imbrea et al. 2024). The Campylobacter CadF
(Campylobacter adhesin to fibronectin), FlpA (fibronectin-like protein A), and JIpA (Jejuni
lipoprotein A) are fibronectin-binding proteins that play a central role in biofilm formation,
serving as essential factors for initial cell adhesion and invasion (Saboti¢ et al. 2023). These
adhesins are crucial virulence factors for the pathogenesis of Campylobacter, aiding in
adherence, colonization, and invasion of host cells. Hazardous Campylobacter in economically
important shellfish can be quickly, precisely, and sensitively detected using a colorimetric
method. This approach allows for high-throughput, on-site testing facilitated by the
smartphone—biosensor platform (Wang et al. 2025).

Conclusion
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The global rise in seafood consumption has heightened concerns about foodborne
illnesses caused by bacterial pathogens such as Vibrio cholerae, Vibrio parahaemolyticus,
Vibrio vulnificus, Listeria monocytogenes, Salmonella enterica, Arcobacter spp., and
Campylobacter spp.. These pathogens pose significant risks to human health, especially in
regions with inadequate food safety practices and compromised consumer immunity. Effective
management of seafood safety requires strict hygiene, routine surveillance, and responsible use
of antimicrobials throughout the supply chain, from aquaculture and harvesting to processing
and retail. Adhering to good manufacturing practices and implementing robust monitoring
systems are essential to minimise contamination, prevent outbreaks, and ensure the safety of
seafood products for consumers worldwide.

References

Al-Garadi, M.A., Almashhadany, D.A., Aziz, R.N., Al-Qabili, D.M.A., Alhumaidan, O.S.,
Alnuwaysir, H., Ali, A.H.M., Sayed, E. and Alabsi, A.M., 2025. The role of sea fish
meat in the transmission of Vibrio parahaemolyticus to humans: An in-depth analysis
of seasonal and species-specific variations. Veterinary World, 18(2), p.348.

Amagliani G, Brandi G, Schiavano GF (2012) Incidence and role of Sa/monella in seafood
safety. Food Res. Int. 45: 780-788.

Aoki T (1997) Resistance plasmids and the risk of transfer. In: Bernoth EM, ed. Furunculosis:
multidisciplinary fish disease research. London, Academic Press, pp. 433-440.
Ayyappan, M.V., Kishore, P., Temburu, M.R., Nadella, R.K., Panda, S.K. and Swaminathan,
T.R., 2025. Presence of unique clone of seventh pandemic Vibrio cholerae O1 El Tor
with Haitian cholera toxin (7PET-HCT) in seafood. EMI: Animal & Environment, 1(1),

p-2469919.

Batt, C.A. and Tortorello, M.L., 2014. Encyclopedia of food microbiology. (No Title).

Bienfang, P.K., DeFelice, S.V., Laws, E.A., Brand, L.E., Bidigare, R.R., Christensen, S.,
Trapido-Rosenthal, H., Hemscheidt, T.K., McGillicuddy Jr, D.J., Anderson, D.M. and
Solo-Gabriele, H.M., 2011. Prominent human health impacts from several marine
microbes: history, ecology, and public health implications. International Journal of
Microbiology, 2011(1), p.152815.

Centre for Health Protection, Honk Kong (CPH) (2012). Two fatal cases of Vibrio vulnificus
infection investigated. June 2012.

Chowdhury A, Ishibashi M, Thiem VD, Tuyet DT, Tung TV, Chien BT, Seidlein Lv Lv, Canh
DG, Clemens J, Trach DD, Nishibuchi M (2004) Emergence and serovar transition of
Vibrio parahemolyticus pandemic strains isolated during a diarrhea outbreak in Vietnam
between 1997 and 1999. Microbiol. Immunol. 48(4):319-27.

Collado, L. and Figueras, M.J., 2011. Taxonomy, epidemiology, and clinical relevance of the
genus Arcobacter. Clinical microbiology reviews, 24(1), pp.174-192.

Collado, L., Gutiérrez, M., Gonzalez, M. and Fernandez, H., 2013. Assessment of the
prevalence and diversity of emergent campylobacteria in human stool samples using a
combination of traditional and molecular methods. Diagnostic microbiology and
infectious disease, 75(4), pp.434-436.

Colwell RR (1996) Global climate and infectious disease: the cholera paradigm. Science
274(5295):2025-31.

Deepanjali A, Kumar HS, Karunasagar I, Karunasagar I (2005) Seasonal variation in abundance
of total and pathogenic Vibrio parahaemolyticus bacteria in oysters along the southwest
coast of India. Appl. Environ. Microbiol. 71(7):3575-80.

DePaola A, Ulaszek J, Kaysner CA, Tenge BJ, Nordstrom JL, Wells J, Puhr N, Gendel SM

33

o

Official Website
www.thefishworldmagazine.com

thefishworldmagazineindia@gmail.com

Publication Date: Jan 19, 2026 lSll“Tﬁl{Ll)

A MONTHLY MAGAZINE

T



http://www.thefishworldmagazine.com/
mailto:thefishworldmagazineindia@gmail.com

Che ~fish World Magzaine Vol.3(1) Jan 2026, 23-28 Sneha et al

(2003) Molecular, serological, and virulence characteristics of Vibrio parahemolyticus
isolated from environmental, food, and clinical sources in North America and Asia.
Appl. Environ. Microbiol. 69(7):3999-4005.

Dever LA, Dermody TS (1991) Mechanisms of bacterial resistance to antibiotics. Arch. Intern.
Med. 151(5):886-9.

Dutta D, Chowdhury G, Pazhani GP, Guin S, Dutta S, Ghosh S, Rajendran K, Nandy RK,
Mukhopadhyay AK, Bhattacharya MK, Mitra U, Takeda Y, Nair GB, Ramamurthy T
(2013). Vibrio cholerae non-O1, non-O139 serogroups and cholera-like diarrhea,
Kolkata, India.Emerg Infect Dis 19:464-7.

Elbashir, S.M., Adnan, A.M., Bowers, J., DePaola, A., Jahncke, M., Punchihewage-Don, A.J.,
Da Silva, L.V., Hashem, F. and Parveen, S., 2023. Antimicrobial Resistance, Virulence
Properties and Genetic Diversity of Sal/monella Typhimurium Recovered from
Domestic and Imported Seafood. Pathogens, 12(7), p.897.

FAO (1999) Report of the FAO expert consultations on the trade impact of Listeria in fish
products. FAO Fisheries Report No. 604. Rome: Food and Agricultural Organization of
the United Nations.

Fatima, S.R., Talib, A., Kanwal, 1., Fatima, Z., Hamza, A., Abdullah, M.A., Raza, M.Q., Khalid,
M. and Naz, T., Zoonotic Transmission of Vibrio vulnificus: Risks Associated with
Seafood Consumption. Pathways of Infection: Zoonoses and Environmental Disease
Transmission, p.235.

Ferreira, S., Queiroz, J.A., Oleastro, M. and Domingues, F.C., 2016. Insights in the
pathogenesis and resistance of Arcobacter: a review. Critical reviews in
microbiology, 42(3), pp.364-383.

Food Standards Australia New Zealand. Australian Food Recall Statistics. Available
online:https://www.foodstandards.gov.au/food-recalls/recallstats

Frederiksen W (1991) Listeria epidemiology in Denmark 1981-1990. In: Proceedings of Int.
Conference on Listeria and Food Safety, 13-14 June. Laval, France.

Gahan CG, Hill C (2014) Listeria monocytogenes: survival and adaptation in the
gastrointestinal tract. Front. Cell Infect. Microbiol. 4:9.

Gomez TM, Motarjemi Y, Miyagawa S, Kiferstein FK, Stohr K (1997 Foodborne
salmonellosis. World Health Stat. Q. 50(1-2):81-9.

Gopal S, Otta SK, Kumar S, Karunasagar I, Nishibuchi M, Karunasagar I (2005) The
occurrence of Vibrio species in tropical shrimp culture environments; implications for
food safety. Int. J. Food Microbiol. 102(2):151-9.

Hast, M., Baker-Austin, C., Lake, I.R., Paromita, P., Cui, Z., Jones, N.R., Posen, P. and Hughes,
M.J., 2025. Vibrio vulnificus epidemiology and risk factors for mortality in the United
States, 2000-2022. Infectious Diseases, pp.1-12.

Hatha AAM and Lakshmanaperumalsamy P (1997) Prevalence of Salmonella in fish and
crustaceans from markets in Coimbatore, South India. Food Microbiol. 14:111-116.

Heinitz ML, Ruble RD, Wagner DE, Tatini SR (2000). Incidence of Salmonella in fish and
seafood. J. Food Prot. 63(5):579-92

Heuer OE, Kruse H, Grave K, Collignon P, Karunasagar I, Angulo FJ 2009. Human health
consequences of use of antimicrobial agents in aquaculture. Clin. Infect. Dis. 49:1248—
53.

Ho, H.T., Lipman, L.J. and Gaastra, W., 2006. Arcobacter, what is known and unknown about
a potential foodborne zoonotic agent!. Veterinary microbiology, 115(1-3), pp.1-13.

Honda T, Ni YX, Miwatani T (1988) Purification and characterization of a hemolysin produced
by a clinical isolate of Kanagawa phenomenon-negative Vibrio parahaemolyticus and
related to the thermostable direct haemolysin. Infect. Immun. 56: 961-965.

https://www.who.int/news-room/fact-sheets/detail/listeriosis

Huang, Q., Zhang, Y., Zhang, M., Li, X., Wang, Q., Ji, X., Chen, R., Luo, X., Ji, S. and Lu, R.,
2024. Assessment of Vibrionaceae prevalence in seafood from Qidong market and

34

o

Official Website
www.thefishworldmagazine.com

thefishworldmagazineindia@gmail.com

Publication Date: Jan 19, 2026 lSll“Tﬁl{Ll)

A MONTHLY MAGAZINE

T



http://www.thefishworldmagazine.com/
mailto:thefishworldmagazineindia@gmail.com
https://www.foodstandards.gov.au/food-recalls/recallstats
https://www.who.int/news-room/fact-sheets/detail/listeriosis

Che ~fish World Magzaine Vol.3(1) Jan 2026, 23-28 Sneha et al

analysis of Vibrio parahaemolyticus strains. Plos one, 19(8), p.c0309304.

Imbrea, A.M., Balta, 1., Dumitrescu, G., McCleery, D., Pet, 1., lancu, T., Stef, L.,
Corcionivoschi, N. and Liliana, P.C., 2024. Exploring the contribution of
Campylobacter jejuni to post-infectious irritable bowel syndrome: a literature
review. Applied Sciences, 14(8), p.3373.

Iwamoto M, Ayers T, Mahon BE, Swerdlow DL (2010) Epidemiology of seafood-associated
infections in the United States. Clin Microbiol Rev 23(2):399-4.

Kaneko T, Colwell RR (1973) Ecology of Vibrio parahemolyticus in Chesapeake Bay. J.
Bacteriol. 113:24-32.

Kaneko T, Colwell RR (1975) Incidence of Vibrio parahemolyticus in Chesapeake Bay. Appl.
Microbiol. 30(2):251-7

Karunasagar 1 (2008). Food safety and public health risks associated with products of
aquaculture. In: Understanding and applying risk analysis in aquaculture Bondad-
Reantaso MG, Arthur JR, Subasinghe RP (ed). FAO Technical paper 519. FAO, Rome.

Koonse B, Burkhardt III W, Chirtel S, Hoskin GP (2005) Salmonella and sanitary quality of
aquacultured shrimp. J. Food Prot. 68: 2527-2532.

Koonse B, Burkhardt W, Chirtel S, Hoskin GP (2005) Salmonella and the sanitary quality of
aquacultured shrimp. J. Food Prot. 68(12) 2527-2532.

Kruse H, Sorum H (1994) Transfer of multiple drug resistance plasmids between bacteria of
diverse origins in natural microenvironments. Appl. Environ. Microbiol. 60:4015-4021.

Kumar H, Ravi C, Padinhatupurayil SB, Mol M, rishna Prasad & Nayak BB (2014)
Microbiological Investigation of Persistent Mortalities in Litopenaeus vannamei Grown
in Low Saline Waters in India. J. Aquatic Animl. Hlth. 26:154-159.

Kumar S and Varela MF (2012) Biochemistry of bacterial multidrug efflux pumps. Int. J. Mol.
Sci. 13: 4484-4495

Long, D., Li, M., Ma, L., Huang, J., Lv, C., Chen, Y., Cheng, Z., Liu, C., Huang, H., Guo, X.
and Yang, C., 2025. Epidemiological and genetic charateristics of Vibrio vulnificus
from diverse sources in China during 2012-2023. Communications Biology, 8(1), p.9.

Luber, P., 2011. The Codex Alimentarius guidelines on the application of general principles of
food hygiene to the control of Listeria monocytogenes in ready-to-eat foods. Food
Control, 22(9), pp.1482-1483.

Martinez-Urtaza J, Saco M, Hernandez-Cordova G, Lozano A, Garcia-Martin O, Espinosa J
(2003) Identification of Salmonella serovars isolated from live molluscan shellfish and
their significance in the marine environment. J. Food Prot. 66(2):226-32.

Miettinen MK, Siitonen A, Heiskanen P, Haajanen H, Bjorkroth KJ, Korkeala HJ (1999)
Molecular epidemiology of an outbreak of febrile gastroenteritis caused by Listeria
monocytogenes in cold-smoked rainbow trout. J. Clin. Microbiol. 37(7):2358-60.

Mohammad AR, Hashim JK, Gunasalam J, Radu S (2005) Microbiological risk assessment:
Risk Assessment of Vibrio parahaemolyticus in Black Tiger Prawn (Penaeus
monodon). Technical report, Ministry of Health Malaysia.

Mudadu, A.G., Salza, S., Melillo, R., Mara, L., Piras, G., Spanu, C., Terrosu, G., Fadda, A.,
Virgilio, S. and Tedde, T., 2021. Prevalence and pathogenic potential of Arcobacter spp.
isolated from edible bivalve molluscs in Sardinia. Food Control, 127, p.108139.

Mwangi, A., Kunyanga, C., Sogin, J.H., Ngala, S., Aliwa, B., Onsare, R.S. and Ndiritu, A.,
2025. Prevalence of CAMPYLOBACTER in specific food and food products: a
systematic literature review and meta-analysis. Critical Reviews in Food Science and
Nutrition, pp.1-14.

Nishibuchi M, Taniguchi T, Misawa T, Khaecomanee-lam V, Honda T, Miwatani T (1989)
Cloning and nucle otide sequence of the gene 74 encoding the hemolysin related to the
thermostable direct hemolysin of Vibrio parahaemolyticus. Infect. Immun. 57: 2691—
2697.

Okuda J, Ishibashi M, Hayakawa E, Nishino T, Takeda Y, Mukhopadhyay AK et al. (1997)

35

o

Official Website
www.thefishworldmagazine.com
thefishworldmagazineindia@gmail.com

Publication Date: Jan 19, 2026 lSll“Tﬁl{Ll)

A MONTHLY MAGAZINE

T



http://www.thefishworldmagazine.com/
mailto:thefishworldmagazineindia@gmail.com

Che ~fish World Magzaine Vol.3(1) Jan 2026, 23-28 Sneha et al

Emergence of a unique O3:K6 clone of Vibrio parahaemolyticus in Calcutta, India and
isolation of strains from same clonal group from South East Asian travellers arriving in
Japan. J. Clin. Microbiol. 35: 3150-3155.

Parvathi A, Kumar HS, Karunasagar I, Karunasagar 1 (2004) Detection and enumeration of
Vibrio vulnificus in oysters from two estuaries along the southwest coast of India, using
molecular methods. Appl. Environ. Microbiol. 70(11):6909-13.

Phan TT, Khai LT, Ogasawara N, Tam NT, Okatani AT, Akiba M, Hayashidani H (2005)
Contamination of Sa/monella in retail meats and shrimps in the Mekong Delta, Vietnam.
J. Food Prot. 68(5):1077-80.

Prabhakar, P., Lekshmi, M., Ammini, P., Nayak, B.B. and Kumar, S., 2025. Serovar
distribution, virulence gene and antibiotic susceptibility profiling of Salmonella
enterica isolated from seafood in Mumbai, India. Microbial Pathogenesis, 204,
p-107530.

Reilly A and Kaferstein F (1997) Food safety hazards and the application of the principles of
the hazard analysis and critical control point (HACCP) system for their control in
aquaculture production. Aquacul. Res. 28(10): 735-752.

Reilly A and Kiferstein F (1997) Food safety hazards and the application of the principles of
the hazard analysis and critical control point (HACCP) system for their control in
aquaculture production. Aquacul. Res. 28: 735-752.

Reilly PJA, Twiddy DR, Fuchs RS (1992) Review of the occurrence of Salmonella in cultured
tropical shrimp. FAO Fisheries Circular No. 851. FAO, Rome.

Rippey SR. 1994. Infectious diseases associated with molluscan shellfish consumption.
Clin. Microbiol. Rev. 7:419-425.

Saboti¢, J., Janez, N., Volk, M. and Klan¢nik, A., 2023. Molecular structures mediating
adhesion of Campylobacter jejuni to abiotic and biotic surfaces. Veterinary
microbiology, 287, p.109918.

Saha, G.K. and Ganguly, N.K., 2021. Spread and endemicity of cholera in India: factors beyond
the numbers. The Journal of Infectious Diseases, 224(Supplement 7), pp.S710-S716.

Salam, F., Vasanthi, K., Krishna, V.S.; Lekshmi, M., Kumar, S. and Nayak, B.B., 2025.
Isolation and Virulence Gene Profiling of Arcobacter spp. from Seafood and Its
Environment. Current Microbiology, 82(6), p.254.

Shabarinath S, Kumar HS, Khushiramani R, Karunasagar I, Karunasagar 1 (2007) Detection
and characterization of Salmonella associated with tropical seafood. Int. J. Food
Microbiol. 114(2): 227-233.

Sheppard, S.K. and Maiden, M.C., 2015. The evolution of Campylobacter jejuni and
Campylobacter coli. Cold Spring Harbor perspectives in biology, 7(8), p.a018119.

Soltysiuk, M., Przyborowska, P., Wiszniewska-Laszczych, A. and Tobolski, D., 2025.
Prevalence and antimicrobial resistance profile of Listeria spp. isolated from raw
fish. BMC Veterinary Research, 21(1), p.333.

Sujeewa AKW, Norrakiah AS, Laina M (2009) Prevalence of toxic genes of Vibrio
parahaemolyticus in shrimps (Penaeus monodon) and culture environment Int. Food
Res. J. 16: 89-95

Takahashi, E., Ochi, S., Mizuno, T., Morita, D., Morita, M., Ohnishi, M., Koley, H., Dutta, M.,
Chowdhury, G., Mukhopadhyay, A.K. and Dutta, S., 2021. Virulence of cholera toxin
gene-positive Vibrio cholerae non-O1/non-O139 strains isolated from environmental
water in Kolkata, India. Frontiers in microbiology, 12, p.726273.

Tanveer, M., Ntakiyisumba, E. and Won, G., 2024. Prevalence and risk factors of seafood-
borne Vibrio vulnificus in Asia: a systematic review with meta-analysis and meta-
regression. Frontiers in Microbiology, 15, p.1363560.

Tran LL, Nunan R M, Redman LL, Mohney C R Pantoja K, Fitzsimmons and Lightner DV
(2013). Determination of the infectious nature of the agent of acute hepatopancreatic
necrosis syndrome affecting penaeid shrimp. Dis. Aquat. Org. 105:45-55.

36

o

Official Website
www.thefishworldmagazine.com
thefishworldmagazineindia@gmail.com

Publication Date: Jan 19, 2026 lSll“Tﬁl{Ll)

A MONTHLY MAGAZINE

T



http://www.thefishworldmagazine.com/
mailto:thefishworldmagazineindia@gmail.com
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=7834599&query_hl=1&itool=pubmed_DocSum

Che ~fish World Magwaine Vol.3(1) Jan 2026, 23-28 Sneha et al

Wan Norhana MN, Poole SE, Deeth HC, Dykes GA (2010) Prevalence, persistence and control
of Salmonella and Listeria in shrimp and shrimp products: A review. Food Control
21:343-361

Wang, D., Flint, S.H., Palmer, J.S., Gagic, D., Fletcher, G.C. and On, S.L., 2022. Global
expansion of Vibrio parahaemolyticus threatens the seafood industry: Perspective on
controlling its biofilm formation. Lwt, 158, p.113182.

Wang, Y., Liu, W., Wang, Z., Chi, J., Lyu, C., Du, Q., Ju, P., Ding, Y. and Chi, Z., 2024.
Ultrasensitive on-site colorimetric detection of Campylobacter in oyster with a portable
biosensing platform based on hydroxamate/Fe3+—violurate chromogenic reaction and
smartphone. Journal of Hazardous Materials, 480, p.136292.

Wang, Y.Y., Zhou, G.L., Li, Y., Gu, Y.X., He, M., Zhang, S., Ji, G.Q., Yang, J., Wang, M.,
Ma, HM. and Zhang, M.J., 2021. Genetic characteristics and antimicrobial
susceptibility of Arcobacter butzleri isolates from raw chicken meat and patients with
diarrhea in China. Biomed. Environ. Sci, 34(12), pp.1024-1028.

Wei, S., Su, Z., Bu, X., Shi, X., Pang, B., Zhang, L., Li, J. and Zhao, C., 2022. On-site
colorimetric detection of Salmonella Typhimurium. npj Science of Food, 6(1), p.48.

World Health Organization (WHO) (1999) Joint FAO/NACA/WHO Study Group on food
safety issues associated with products from aquaculture. WHO Technical Report Series,
No. 883.

Xu, Y., Sun, R., Zheng, Z., Ye, L., Peng, M. and Chen, S., 2025. Genomic and phenotypic
analysis of virulence, antimicrobial resistance, and transmission routes of Vibrio
vulnificus from food and clinical sources in China. Food Research International,
p.117148.

Zaher, H.A., Nofal, M.I., Hendam, B.M., Elshaer, M.M., Alothaim, A.S. and Eraqi, M.M.,
2021. Prevalence and antibiogram of Vibrio parahaemolyticus and Aeromonas
hydrophila in the flesh of Nile tilapia, with special reference to their virulence genes
detected using multiplex PCR technique. Antibiotics, 10(6), p.654.

Zheng, X., Gao, L., Yuan, L., Chen, C. and Yang, Z., 2024. Control of Vibrio parahaemolyticus
in Seafood Using the Combination of Lytic Phages and Citric Acid. Foods, 14(1), p.37.

Zhu, W., Zou, Y., Liu, L., L1, S., Sun, X., Li, M., Wang, H. and Xia, X., 2024. Antibacterial
and antibiofilm efficacies of perillaldehyde against Vibrio parahaemolyticus and its
application in seafood. Food Control, 166, p.110730.

37

o

Official Website
www.thefishworldmagazine.com

thefishworldmagazineindia@gmail.com

Publication Date: Jan 19, 2026 ISII“T@I{LI)

A MONTHLY MAGAZINE

T



http://www.thefishworldmagazine.com/
mailto:thefishworldmagazineindia@gmail.com

