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Abstract 
 
Along with the numerous benefits for human health, seafood may pose various health 
risks. These potential hazards may be of anthropogenic origin as well as natural. 
Pathogenic bacteria, viruses, organic and inorganic pollutants, microplastics, parasites, 
shellfish poisonings, ciguatera, tetrodotoxin, histamine, or seafood allergy may threat 
consumer health. Evaluating the possible sources of these hazards and conditions is 
necessary to provide healthy and safe seafood to the consumer. Increased awareness 
of consumers on sustainability, food safety, origin and availability will greatly affect 
consumption trends. Therefore, this review presents a future perspective for seafood 
consumption. Antibiotic resistance and the effect of climate change on fish 
consumption, the recent critical problems of the seafood industry, were also 
discussed. This review gives current information on the potential hazards of seafood 
and provides a perspective for future trends in fish consumption. The seafood 
processing sector should consider these potential risks and adapt to changing 
consumer preferences.  

 

Introduction 
 

Seafood is an essential food of public health 
significance. A significant part of consumers is well 
aware of the nutritional value of fish. They find fish 
healthier than red meat considering its low cholesterol 
content. Besides, in many countries, people hesitate to 
consume chicken because of the unhealthy farming 
conditions. Some diseases such as mad cow and avian 
flu also motivate people to consume seafood. However, 
seafood consumption is generally far below the 
recommended amount across the world, except Japan, 
Norway, and Arctic regions, and consumers mainly 
recognize that they eat less seafood than they should. 
Seafood consumption has been associated with 
reducing stroke, cardiovascular disease, inflammatory 

diseases, hypertension, depression, and some cancers. 
The risk of Alzheimer’s disease, arthritis, and attention-
deficit/hyperactivity disorder (ADHD) may also be 
decreased by regular seafood consumption. Vitamin D, 
found in fish, is vital for bone development since it is 
essential for bone mineralization. Low to medium doses 
of selenium intake by food supports the human body by 
preventing diseases. Most of the fish species are good 
sources of this essential trace element. Selenium is 
essential for the synthesis of selenocysteine, needed for 
the activities of selenoenzymes. Since these enzymes 
play important roles in fetal brain development and 
growth, fish consumption of expectant women is 
beneficial for the neurodevelopmental of the fetus 
(Nicholas et al., 2019). Therefore, it is generally 
recommended to consume seafood at least twice a 
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week, and consumers are usually motivated to eat 
seafood considering its health benefits. Eating this 
amount of fish has been reported to reduce (23–25%) 
risk of death from coronary heart disease than people 
eating very small amounts. The people eating fish once 
a week, this risk has been reported to reduce 15% (Kris-
Etherton et al., 2002). 

Seafood is very tender, digestible, and convenient 
for the consumption of all ages since it has very little 
connective tissue. They contain high-quality proteins 
and are rich in essential amino acids. They are also 
significant sources of n-3 polyunsaturated fatty acids 
(PUFA), which can reduce the risk of cardiovascular 
diseases and contribute to normal neurodevelopment in 
children. Chronic Heart Disease (CHD) is one of the 
biggest health problems facing people worldwide. 
Omega-3 fatty acids, which have anti-inflammatory, 
antithrombotic and antiatherogenic effects, protect 
against CHD. Ameen et al. (2020) studied the connection 
between fish consumption and CHD mortality. They 
reported that the CHD mortality rate decreased 
significantly after a certain period when fish 
consumption increased. Eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) are the primary PUFA’s 
since they can lower blood pressure, decrease serum 
triglycerides, thrombotic tendency, and inflammation. 

The other essential components are 
micronutrients such as vitamins A, D, E, K, and B12 and 
minerals such as calcium, selenium, phosphor, sodium, 
potassium, magnesium, iodine, iron, copper, fluorine, 
cobalt, and zinc. These are essential to maintain normal 
physiological functions in human beings. All fish and 
shellfish are good sources of calcium and magnesium 
and are recommended to be consumed to provide most 
minerals needed by the human body. Fish and shellfish 
provide multi-health benefits when consumed in 
recommended amounts (Nurnadia et al., 2013). The 
ratios of principal components (water, protein, lipids, 
minerals, and vitamins) of the flesh show remarkable 
variations depending on the species, catching area, 
maturity, nutrition, and catching season. The lipid 
content of a fatty fish could be equal to or sometimes 
lower than that of a lean fish. Since the factors such as 
the lipid or water contents of the raw material affect the 
taste, texture, and shelf life of the product, the chemical 
composition of seafood is important for fish processors 
to maintain standard product quality. The postharvest 
biochemical and microbiological changes in fish are 
significantly affected by the factors such as the 
circumstances of capture, initial bacterial contamination 
of the catch, conditions during transport and storage 
(Sikorski et al., 1990). As well as these beneficial 
properties, fish may also pose some potential natural or 
anthropogenic hazards, and it is one of the most 
perishable foods (Figure 1). These characteristics must 
be taken into account during transportation, marketing 
and processing of the fish to avoid potential hazards 
while enjoying the benefits of the fish. 

 

Seafood Consumption Trends and Future 
Perspective 

 

In the twenty-first century, urbanization, increased 
mental work, and learning about the direct relationship 
between food and health have led to a change in dietary 
habits worldwide. The greater participation of women in 
the workforce, structural changes in demographics, 
health and environmental concerns have affected 
consumer preferences. Consumer awareness has 
increased on many issues such as production conditions, 
marketing, preservation or packaging methods, and the 
origin of the food. The preference for food type has also 
changed, and the demand for more nutritious and 
healthy food has increased. Revealing the change in 
consumer preferences is important for ensuring the 
future perspective. Bairagi et al. (2020) studied the 
changes in food consumption, and implications have 
been made for the future food supply system. The 
largest expenditure elasticity has been reported for fish 
demand, and it was concluded that there is a 
transformation in the food demand system. Fish 
consumption is expected to increase in developing 
countries due to urbanization, population and income 
growth. The fast expansion of aquaculture is the only 
scenario that will drop real prices of low-value fish, and 
most of the fish on the table will come from aquaculture 
very soon. As the demand for fishery products increases, 
technology will also gain more importance. It is very 
important to develop technologies to deliver healthy 
fish to consumers under hygienic conditions, ensure 
sustainability due to increasing demand, and reduce the 
environmental damage caused by increased fisheries. 
Food safety systems for seafood imports should be 
rationalized, product classifications should be 
harmonized, policies should be developed on eco-
labeling and food safety. Policy makers must ensure that 
fish resources will be protected, sustainable and 
accessible to poor people (Delgado et al., 2020). Eating 
fish has multiple benefits for children, adults and the 
elderly. Fish consumption is associated with a lower 
incidence of preterm birth, leading to perinatal 
mortality and morbidity. So, consuming ≥350 g/week of 
fish and shellfish has been advised for pregnant women. 
Increased fish intake may also support longer gestation 
and prevent preterm birth (Wang et al., 2021). Since 
nutrition is important for brain and physical 
development, it is important for the health of future 
generations to include fish in the nutrition of children 
and young people. Nevertheless, instead of highlighting 
only the benefits of fish, it is necessary to diversify new 
products that young people accept and introduce them 
according to today's promotion and communication 
tools. Increasing obesity in developed countries is 
another factor that necessitates the orientation towards 
fish consumption. Understanding the factors associated 
with fish consumption is also crucial to implementing 
successful strategies to increase fish consumption, fish 
sales and exports. In some countries, fish has been 
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considered a luxury product. This affects the 
consumption habits of the population and causes the 
fish to take a small place on the table to meet the 
protein need.  On the other hand, many developed 
countries, including Japan, where fish consumption is 
already high, have implemented health policies that 
encourage fish consumption. It has been noted that 
experiences making people feel closer to fish, such as 
contributing to fishing activity or eating fish during a 
festival, are more effective than campaigns only giving 
information (Gangsø, 2021). 

Although campaigns and politics to increase fish 
consumption are very important, it should not be 
forgotten that the "availability", which includes the price 
and sustainability, is important for the consumer. 
Availability is among the main reasons for preferring 
chicken and pork meats instead of fish products. For this 
reason, consumers should be better informed about 

aquaculture fish (Kitano and Yamamoto, 2020). It is 
crucial to understand factors affecting fish consumption 
habits to implement successful health policies and 
strategies to increase fish consumption in public or 
export fish products to various countries. Despite all the 
health benefits of fish, simply saying "fish is a healthy 
food, eat fish" is not satisfactory for many consumers 
today. New expectations are emerging among the 
consumers who are aware that the world's limited 
resources are running out.  The consumer has realized 
the importance of sustainability for the future and 
tended to food with a low negative environmental 
footprint, as much as possible (Gangsø, 2021). Today, it 
is increasingly possible for the consumer to access 
details such as where the fish is caught or cultured, the 
supplier company, and the product's characteristics. The 
new generation knows how to access this information 
and find ordinary to question all details about their food. 

 
Figure 1. Benefits and potential hazards due to seafood consumption. 
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This situation makes it necessary for product suppliers 
and manufacturers to act in accordance with the 
expectations of the new consumer. Traceability became 
more popular after the Covid-19 outbreak. The 
pandemic has increased the interest of consumers in the 
origin of their food. As a result, mechanisms that assure 
the production process and origin of fishery products 
are gaining more importance. Therefore, the traceability 
of seafood products will become a popular assurance 
mechanism in the seafood industry (Farradia and 
Sunarno, 2020). 

Covid-19 has impacted people's lives around the 
world, creating rapid and massive changes in every 
industry. After the Covid-19 pandemic, many consumers 
worried about unpackaged products being 
contaminated with the coronavirus. The fear of 
contamination from the surfaces also increased the 
need for hygiene and led to packaged products. These 
were the most obvious effects of the pandemic in the 
food field (Gangsø, 2021). The Covid-19 pandemic has 
led consumers to buy online, and new behaviors have 
developed, including seafood. The change in consumer 
habits did not only limit the way of purchasing; eating 
outside has also decreased significantly. Online delivery, 
food delivery or takeout has increased more than ever 
before. While online marketing of fish and fish products 
is still new, seafood processing and aquaculture 
businesses will need to adapt to changing preferences 
and the new normal after the Covid-19 pandemic 
(Farradia and Sunarno, 2020).  

The fact that food resources are decreasing in the 
face of the increasing population reveals the importance 
of sustainability and the orientation to alternative 
products. An exciting and somewhat frightening 
development is "lab-grown" - proteins. The stem cells 
are taken from animals and cultivated in the lab to 
produce lab-grown protein. Therefore, the number of 
animals used as human food will be reduced. The other 
step will be producing it without real animal cells. 
Insects also promise an important source in meeting 
their protein needs. Insects are already consumed as 
food in some societies and offer a much easier 
alternative to lab-grown food. Insects convert what they 
eat into energy very efficiently, use less space and have 
lower emissions than other animal foods (Gangsø, 
2021). Of course, changing consumer attitudes will be 
challenging for such products. However, the food 
industry will need to develop technologies that will 
adapt to the changing conditions of our world. 

 

Potential Hazards  
 

Parasites, shellfish poisonings, Ciguatera, 
Tetrodotoxin, Histamine, allergens, pathogens, viruses, 
heavy metals, OCPs, PCBs and BFRs and microplastics 
have been recognized as major potential hazards to 
human health due to seafood consumption. Some of the 
reported outbreaks associated with seafood 
consumption are presented in Table 1. 

Parasites 
 
The parasite risk should be considered when raw, 

undercooked, or marinated fish are consumed. This risk 
is eliminated either by cooking or freezing fish before 
consumption. 

Anisakis Nematodes: Anisakidae nematodes are 
important sources of parasite-borne diseases in 
humans, and their larvae can cause anisakiasis. They use 
fish and warm-blooded vertebrates as hosts, and marine 
mammals are generally their final hosts. The usual 
symptoms of illness are stomach pain, nausea, vomiting, 
and various abdominal pains. Diagnosis is not easy since 
these symptoms are similar to many other diseases. The 
larvae of Anisakis simplex are found in many marine fish. 
The immature larvae do not cause any significant 
reaction in humans, but taking advanced stage larvae 
into the human body results in various symptoms, such 
as epigastric pain after ingesting infected fish. Its larvae 

die at about 60C. So, generally, no risk is pronounced 
due to consuming sufficiently cooked fish or processed 
seafood that includes a cooking step. However, it is best 
to freeze the fish first when preparing raw or lightly 
marinated fish. These larvae die within 24 hours 

between –17 and -20C, but they are resistant to salting, 
marinating, spices and chemicals. When served raw, it is 
also recommended to freeze the fish, but thawing 
conditions are critical in preserving quality. Podolska et 
al. (2019) studied the effect of freezing to kill A. simplex 
larvae on fish. They reported that the nature of fish is 
important and the freezing temperature because at -
15°C, they killed all A. simplex larvae in the cod fillet, but 
not all of them in the herring. 

Angiostrongylus cantonensis: Angiostrongylus 
cantonensis is more common in terrestrial animals such 
as rats and is the most common infectious cause of 
meningitis. It is a neurotropic helminth. Patients with 
meningitis caused by Angiostrongylus cantonensis 
reported consuming fish and other seafood. Humans 
may be infected with Angiostrongylus larvae due to 
consuming crabs, shrimp, frogs, freshwater snails, and 
slugs. There is no standard of treatment for the infected 
people; the symptoms may be treated using analgesics, 
corticosteroids, anthelmintic or antiparasitic drugs 
(Rothe and Katchanov, 2020). 

Capillaria philippinensis: It is the reason intestinal 
capillariasis causes diarrhea in humans. It is reported 
that the infection is caused by eating raw freshwater fish 
containing nematode parasite eggs. Unembryonated 
eggs of C. philippinensis are transferred from the feces 
of the infected host to the soil or water, then to fish. In 
the intestines of fish, eggs hatch, and larvae grow. When 
poorly cooked or raw fish is consumed, the larvae grow 
to an adult in the intestine of humans (Belizario and 
Totañes, 2014).  

Diphyllobothrium latum: Hosts mostly in crustacea 
and fish, matures in humans, and causes weakness and 
anemia. The symptoms include abdominal discomfort, 
diarrhea or constipation, and weight loss. 
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Diphyllobothrium latum, the fish tapeworm, has been 
expressed as a human parasite of extreme fertility. 
Increased cases of diphyllobothriasis due to 
Diphyllobothrium latum in France, Switzerland, and Italy 
has been reported as a result of a change in eating habits 
to consume raw or undercooked freshwater fish 
(Gustinelli et al. 2016). Control of fecal contamination of 
water, informing consumers about proper eating habits, 
and applying effective parasite inactivation methods for 
fish from risky areas are the critical factors of 
prevention.  

Trematodes: Zoonotic trematodes pose a 
foodborne public health issue. Their first hosts are the 
mollusks, the second hosts are Crustacea, and their final 
hosts are humans or animals consuming raw fish. People 
may be infected due to regular consumption of raw, 
undercooked, or insufficiently cooked fish, and 40 
million people worldwide are exposed to some diseases 
due to infections with trematodes. In most cases, the 
symptoms such as fever, abdominal pain, or weakness 
may be seen, but heavy infections of the consumer may 
occur if the fish contain a high amount of trematodes. 

Diseases such as hepatomegaly, pancreatitis, 
cholangiocarcinoma, biliary calculi, cholelithiasis, 
cholangitis, and liver cirrhosis may occur. Good 
aquaculture practices were reported to reduce infection 
doses in cultured fish (Cech et al., 2021). 
 
Shellfish Poisoning 

 
Paralytic Shellfish Poisoning (PSP): Paralytic 

shellfish toxins (PST), also called saxitoxins, are the 
neurotoxins produced by marine dinoflagellates and 
freshwater cyanobacteria. After eating poisoned 
shellfish, crustaceans, or mollusks, the toxin may affect 
the nervous system of the consumer (Li and Persson, 
2020). The most known organisms associated with PSP 
are Gonyaulax catenella, Gonyaulax tamarensis, 
Gymnodium brevis, and Gymnodinium catenatum. 
Mollusks such as mussels, scallops, and oysters, fed by 
filtering the nutrients in the water, are the primary 
source of this toxin for humans. The toxin formation in 
the mollusks takes a few days, but the excretion takes a 
few weeks. Ingestion of small doses of the toxin can 

Table 1. The outbreaks associated with seafood consumption 

Outbreak agent Location 
(Year) 

Associated seafood Symptoms/Clinical 
Manifestation 

Case Number Reference 

C. botulinum toxin China (2019) Vacuum-packed salted fish Nausea, vomiting, dysphagia, 
pain 

4 cases (1 death) Min et al. 
(2021) 

V.parahaemolyticus  China 
(2010-2014 ) 

Aquatic products including 
shrimp, fish, clams, 

mollusks 

Hospitalizations without 
death 

339 total cases in 
27 outbreaks 

Chen et al. 
(2017b) 

Listeria 
monocytogenes 

Sweden 
(1994-1995) 

Vacuum-packed gravad and 
cold-smoked fish 

Not mentioned 9 cases (2 deaths) Tham et al. 
(2000) 

Listeria 
monocytogenes  

Denmark 
(2013-2015) 

Smoked fish Sepsis, meningitis 20 total cases in 
two outbreaks (8 
deaths including 

one 38-weeks 
fetus) 

Lassen et al. 
(2016) 

Salmonella serotypes United States 
(2015) 

Sushi prepared using frozen 
raw tuna 

Not mentioned 65 cases Hassan et al. 
(2018) 

Histamine poisoning Italy (2013-
2020) 

Raw and cooked anchovy, 
canned tuna, raw tuna, 
cod, swordfish, shrimp 

tails, langoustine, 

Diffuse erythema,  dyspnea, 
tachycardia, urticaria, 
heartbeat, headache, 

vomiting, abdominal pain, 
dysentery 

6 outbreaks (The 
number of cases 
is not specified) 

Annunziata et 
al. (2022) 

Ciguatera toxin Germany 
(2012) 

Tropical fish Neurological symptoms 20 cases Friedemann 
(2016) 

Tetrodotoxin (TTX) Bangladesh 
(2008) 

Pufferfish Perioral paraesthesia, 
vomiting, dizziness, headache, 

paralysis 

141 total cases in 
3 outbreaks 

 

Islam et al. 
(2011) 

Ciguatera toxin Hong Kong 
(2004) 

C. undulatus, E. coioides, P. 
areolatus, P. leopardus 

Not mentioned 247 total cases in 
65 outbreaks 

Wong et al. 
(2005) 

Ciguatera toxin Moorea 
Island, French 

Polynesia 
(2007–2013) 

C. striatus, L. monostigma, 
Scarida, Mugilidae, C. 

undulates, Balistoides spp., 
Caranx spp., C. argus, 

Lethrinus spp. 

Not mentioned 97 cases Morin et al. 
(2016) 

Unknown toxin Brazil (Date is 
not specified) 

Cooked fish (Seriola spp.) Rabdomyolysis (Haff Disease) 2 cases Almeida et al. 
(2019) 

Palytoxin-like 
compounds 

Salvador, 
Brazil (2016-

2021) 

Seriola sp., Myceteroperca 
sp. 

Rabdomyolysis (Haff Disease) 93 total cases in 
two outbreaks 

(one death) 

Cardoso et al. 
(2022) 

Saxitoxin Tailand 
(2008) 

Soup containing the fish 
balls 

Facial diplegia, dizziness, dry 
mouth, visual sensitivity,  

numbness, headache, 
myalgia, nausea, vomiting 

300 cases Chankrachang 
et al. (2009) 
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cause tenderness and swelling of the lip corners in 
consumers, but it can cause paralysis and death in 
higher amounts. Its antidote is unknown, and there are 
18 known PSP toxins (such as STX-saxitoxin, NEO-
neosaxitoxin, GTX-gonyautoxin, etc.). It cannot be 
removed by cooking or other processing methods. The 
increased anthropogenic activities and climate change 
lead to increase hazardous algal blooms. The need for 
proper regulation about Paralytic Shellfish Toxins has 
been reported as a crucial issue for the bivalve 
aquaculture industry in the northeastern Atlantic region 
(Karlson et al., 2021). 

Studies continue on new methods for monitoring 
PSP toxin in seafood. Tian et al. (2021) examined the 
applications of using biosensors for PSP monitoring in 
seafood as they are cheap, convenient, effective, and 
efficient. They classified biosensors considering their 
detection principles as electrochemical sensors, 
acoustic devices, optical devices, field-effect transistors, 
and electrochemiluminescence. Micro-nano biosensors 
are predicted to be critical for food safety, monitoring, 
and food trade, with their role in detecting shellfish 
toxins. The pre-chromatographic method named 
‘Lawrence’ has been described by Vale et al. (2021) to 
detect saxitoxins in bivalves. It was found to be 
successful in detecting saxitoxins originating from 
Gymnodinium catenatum, and further processing is not 
needed for samples containing low toxin amounts. But 
it was regarded found very labor-intensive. 

Diarrhetic Shellfish Poisoning (DSP): Diarrhetic 
shellfish poisoning (DSP) toxins are produced by various 
phytoplankton, such as dinoflagellates Prorocentrum 
and Dinophysis. Okadaic acid (OA) and its derivative 
dinophysis toxin (DTX) are the most determined 
toxicants of diarrheal shellfish poisoning toxins. Toxins 
accumulate in shellfish tissues and cause food 
intoxication in humans after consumption. Symptoms 
such as diarrhea, vomiting, nausea, and abdominal pain 
occur within a few hours after consumption (Elal Muş 
and Çetinkaya, 2017). Between May and June 2019, a 
DSP outbreak was reported due to consuming mussels 
in the United Kingdom. High levels of heat-stable 
okadaic acid (OA) toxins were reported in mussels (Nick 
et al., 2019). Today, new methods for detecting DSP 
toxins continue to be developed. Li et al. (2018) 
proposed a biosensor to detect DSP and PSP toxins by 
monitoring the viability and electrophysiology of 
cardiomyocytes and defined it as a promising and useful 
method. Chen et al. (2017a) developed a new method 
using semi-preparative high-performance liquid 
chromatography-mass spectrometry and macroporous 
resin, high-speed counter-current 
chromatography/mass spectrometry to purificate two 
typical diarrhetic shellfish poisoning toxins from toxin-
producing marine microalgae. 

Amnesic shellfish poisoning (ASP): It is caused by 
domoic acid, a neurotoxic amino acid. It shows the 
typical symptoms seen in many food poisonings: loss of 

balance, headache, disorientation, and gastrointestinal 
disorders. Similarly, this occurs as a result of the 
consumption of shellfish products. The most 
characteristic symptom is loss of short-term memory, 
hence has been named Amnesic poisoning. While 
success is observed in the early treatment of domoic 
acid-related toxications, irreversible conditions such as 
memory loss may be encountered in treating delayed 
cases (Schroeder et al., 2015). The occurrence of domoic 
acid in shellfish from Great Britain was assessed 
between 2008-2017. The frequency of toxin events was 
reported to be increased during this period. While most 
cases were related to Pseudo-nitzschia blooms, Pseudo-
nitzschia cell densities did not correlate with domoic 
acid levels in shellfish tissues. Therefore, a direct 
relationship between shellfish toxicity and cell 
abundance has not been reported. The need for detailed 
taxonomic discrimination of the genus Pseudo-nitzschia 
was highlighted for a more accurate prediction of 
shellfish toxicity (Rowland-Pilgrim et al., 2019). 

Neurotoxic shellfish poisoning (NSP): Brevetoxins 
are mainly produced by Karenia brevis, a dinoflagellate, 
and consumption of brevetoxin-contaminated mollusks 
results in Neurotoxic shellfish poisoning (NSP). Karenia 
brevis bloom is commonly referred to as the Florida red 
tide and occurs along the Gulf of Mexico. This algal 
bloom results in annually reported cases of NSP in the 
United States. In 1987, forty-eight people who ate 
oysters after a red tide in North Carolina showed 
gastrointestinal and neurological symptoms. The rate of 
illness attacks significantly increased with the number of 
oysters consumed. In 2006, a large outbreak of more 
than 20 cases of NSP was recorded in the US, mainly due 
to oyster consumption. However, there have been no 
increasing toxicity cases over the past 30 years 
(Anderson et al., 2021). Abraham et al. (2021) reported 
that gastropod-seafoods might transfer brevetoxins to 
humans during the blooms of Karenia brevi, and they 
should be monitored to track NSP risk. They also 
reported brevetoxin 3 (BTX-3) as a marker of brevetoxin 
exposure in gastropod-seafoods. 

Azaspiracid Shellfish Poisoning (AZP): Azaspiracid 
toxins (AZAs) are very recently discovered marine 
biotoxins, and they lead to Azaspiracid Shellfish 
Poisoning (AZP) when consumed. The symptoms of AZP 
are stomach cramps, vomiting, nausea, and diarrhea. 
These symptoms are similar to DSP's, but neurotoxic 
symptoms may also occur. The first identification of 
Azaspiracids as a causative shellfish poisoning was in 
1995. The poisoning occurred in The Netherlands after 
eating mussels imported from Ireland (McMahon and 
Silke, 1996). After then, these toxins were detected in 
various shellfish species around the World (Bresnan et 
al., 2021; Karlson et al., 2021). Azaspiracid Shellfish 
Poisoning is not very common, and long-term illnesses 
due to AZP have not been reported. 
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Ciguatera Poisoning 
 
Ciguatera poisoningis a neurological disease 

caused by aquatic products contaminated by organisms 
naturally found in the marine environment. Benthic 
dinoflagellates of genera Gambierdiscus and Fukuyoa 
produce lipid-soluble ciguatoxins (CTXs) resistant to 
heat. Ciguatera poisoning is phycotoxin-related and 
affects 10,000 - 50,000 people per year. Symptoms of 
poisoning are mild paralysis, gastrointestinal 
disturbances, neurological problems, and cardiovascular 
problems. The death may be seen in extreme cases. 
There is a lack of knowledge about the prevalence of 
Ciguatera due to the limited epidemiological data, 
insufficient recognition of symptoms, and inadequacy of 
reported cases in endemic regions. Recently, global 
initiatives have emerged to provide systems for data 
collection, risk assessment, and patient management of 
Ciguatera poisoning cases (Chinain et al., 2021). Kusche 
and Hanel (2021) indicated the importance of proper 
labeling of tropical fish to prevent ciguatera intoxication. 
They reported that all samples (n=103) of red snapper 
(Lutjanus malabaricus) were mislabeled, and most of 
them were problematic concerning ciguatera. Travelers 
should be informed to avoid eating ciguatoxic fish 
species on their travels to the tropics to prevent 
ciguatera fish poisoning. Ciguatera poisoning due to 
imported fish has also started to be seen as an emerging 
health issue. Doctors should be aware of the symptoms 
and treatment of Ciguatera poisoning. 

 
Tetrodotoxin 

 
Tetrodotoxin (TTX) was firstly isolated from 

pufferfish, a Japanese specialty food (Hameed et al., 
2021). It may also exist in Central American frogs, 
gastropods, and some crabs (Simmons, 2007). 
Australian blue-ringed octopus (Whitelaw et al., 2019) 
and mussels (Bordin et al., 2021) were also reported to 
contain this toxin. The toxin is found in the liver, 
intestines, gonads, and skin. When the toxic parts are 
eaten, the toxin causes skeletal muscle paralysis and 
may cause death. The presence of this toxin in an 
organism is mainly dependent on the presence of 
bacteria capable of synthesizing toxins, such as 
Pseudoalteromonas haloplanktis subsp. tetraodonis and 
Vibrio sp., especially V. alginolyticus. Increased 
frequency of the reports on the presence of TTX in 
various gastropods and bivalves has been reported. 
Increased monitoring is needed to determine whether it 
results from advanced detection methods or the 
prevalence of the toxin (Biessy et al., 2019). This toxin 
has started to spread to different regions over time. 

The Suez Canal leads to the "Lessepsian Migration" 
that transports more than three hundred species from 
the Red Sea to the Mediterranean Sea. This migration 
brings some risks not naturally found in the 
Mediterranean Sea. The population of a Lesepsian 
species Lagocephalus sceleratus increased in the 

Mediterranean Sea as there were no predators. This fish 
belongs to Tetraodontidae originated from the Red Sea. 
The first toxicity assessment of L. sceleratus, Lessepsian 
pufferfish, caught in European coastal waters (Aegean 
Sea, Greece) has been reported by Katikou et al. (2009). 
This species was caught from the Southeast Aegean Sea 
in 2007. Toxicity of internal organs has been reported 
above the concentrations that can cause death in adult 
humans. After that, another first report of TTX due to a 
different pufferfish species (Torquigener 
flavimaculosus) in the Mediterranean Sea was reported 
by Kosker et al. (2018). This report shows that 
Lessepsian puffer fish species passing through the Suez 
Canal increase the toxin risk in the Mediterranean Sea. 
Muscle tissues, skin, gonads, liver, and intestines were 
examined, and high TTX concentrations were reported 
in all these body parts. This species is highly toxic and 
should never be consumed by humans. It has been 
reported that puffer fish species are rapidly increasing 
harmful species in the Mediterranean Sea and are 
dangerous for human health. In a recent study (Akbora 
et al., 2020), 40% of tissues of silver cheeked pufferfish 
(L. sceleratus) caught from Cyprus were reported to 
contain the toxin above the limit (2.2 μg/g). In Japan, 2 
mg equivalent of (eq) TTX/kg was established as the limit 
for TTX. On the other hand, any fish from the 
Tetraodontidae family or fish products derived from it 
are not marketed under current EU legislation (EC, 
2004). 

 
Histamine Formation 

 
Some of the factors contributing to spoilage are 

specific to species. Fatty fish such as tuna, mackerel, 
sardine, bonito, and anchovy are rich in histidine. 
Histamine can accumulate when these species are 
exposed to temperature abuse conditions during 
storage and/or transportation. The formation of 
histamine is negligible when the fish is refrigerated. 
Therefore, maintenance of the cold chain is essential 
during transport, storage, and processing. The microbial 
population of fresh fish contains producers of histamine 
decarboxylase enzyme (FDA, 2021). The members of 
Enterobacteriaceae family, especially Morganella 
morganii, some strains of Klebsiella pneumonia, and 
Hafnia alvei produce decarboxylases. Therefore, 
histamine is produced as well as the other biogenic 
amines such as putrescine, cadaverine, spermine, and 
spermidine. Histamine poisoning is dangerous for the 
consumer since it occurs without any outward 
indications of spoilage. It may cause dilation of blood 
vessels, hypotension, itching, flushing, and headache. 
Due to these adverse effects of histamine on human 
health, it has become essential to use new, fast and 
sensitive analytical methods for histamine 
determination in fish. The current methods such as thin-
layer chromatography (Kounnoun et al., 2020), capillary 
zone electrophoresis with UV-detection (Felisiak et al., 
2019), high-performance liquid chromatography with 
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fluorescence detection (Ishimaru et al., 2019), liquid 
chromatography-tandem mass spectrometry (Ochi, 
2019), surface-enhanced Raman Spectroscopy (Janči et 
al., 2017), square wave stripping voltammetry (Yilmaz 
and Inan, 2015), and temperature-controlled ionic 
liquid-based microextraction (Elik, 2021) have been 
studied to determine histamine in fish. 

The processes such as freezing, cooking, chilling, 
pasteurizing, etc., are ineffective on histamine. So, its 
formation should be prevented by rapid chilling and cold 
chain maintenance (Lampila and McMillin 2012). 
Hygiene is also vital during storage and transport since 
the risk of histamine poisoning is more probable when 
the fish is contaminated with histamine decarboxylase-
producing bacteria (Sikorski et al., 1990). It has been 
recommended to reject the fish lot if any individual is 
found with a histamine concentration above or equal to 
50 ppm (FDA, 2021). 

 
Seafood Allergies 

 
Seafood, especially shellfish, is one of the main 

reasons for food allergy. Immunoglobulin E (IgE)-related 
seafood allergies are the most known types of ones. 
Commercial allergen components and extracts of 
various seafood are used to identify IgE in serum. 
Seafood allergy is also one of the most common and 
deadly allergies. Crustaceans, especially shrimp, are the 
most studied group concerning seafood allergies. 
Tropomyosin, arginine kinase, myosin light chain, and 
sarcoplasmic calcium-binding protein are involved in 
allergic reactions. For shellfish, tropomyosin has been 
considered the most critical allergen, and it is the first 
allergen defined in seafood. This allergen is 
thermostable and does not decompose during 
digestion. The secondly identified allergen is arginine 
kinase, recognized in 2008. It is responsible for 
respiratory diseases in humans since it is volatile. 
Myosin light chain is the other allergen identified in 
2008. It is a resistant but minor allergen. Sarcoplasmic 
Calcium-binding Protein is a stable and very resistant 
allergen, mainly related to crustaceans (Gelis et al., 
2020). For finfish, the major allergen for finfish is 
parvalbumin. Parvalbumin and collagen are the 
causative agents of fish allergy, and they are also highly 
cross-reactive pan-allergens. Since there is no definitive 
treatment for shellfish allergy, the only way for allergy 
sufferers is to avoid consumption. Even though 
immunotherapy may help cure allergies such as peanut 
or egg, there is a lack of knowledge about treating 
shellfish allergy. The most significant barriers to curing 
shellfish allergy are the cross-reactivity of tropomyosins 
in crustaceans and the contribution of other allergens 
(Davis et al., 2020). A limited diagnosis could be made to 
only a few species and allergens for seafood. Today, 
there is no licensed immunotherapy to cure seafood 
allergies. Work-related allergy is the other significant 
problem that may threaten workers of the fishery 
industry. The employee working at seafood preparation, 

quality control, and sale steps may have allergic issues. 
In terms of insurance law, the risk of seafood allergy 
should be considered. 

 
Pathogenic Bacteria 

 
The presence of pathogenic bacteria is one of the 

main problems for seafood safety. They do not cause 
any evident change in the appearance of seafood, but 
they may cause foodborne illnesses ranging from 
nausea and vomiting to death. Since it is impossible to 
recognize pathogen existence in seafood by its 
appearance, consuming contaminated seafood poses a 
significant risk for human health (Brown et al., 2011). 
Pathogenic bacteria pose a significant risk for the 
consumer, especially when raw or insufficiently cooked 
seafood is consumed. Anthropogenic effects change 
ecological processes and convert naturally occurring 
pathogens to human health risks. 

Secondary contamination is a critical issue for 
seafood. Seafood may become contaminated due to 
improper handling and processing conditions, and even 
they were caught from clean waters. For instance, 
Clostridium botulinum type E usually is not present in 
fresh fish caught from unpolluted areas. However, it is 
one of the main problems for the seafood industry since 
it may grow and produce toxin due to defective handling 
and processing (Sikorski et al., 1990). Since most food 
poisoning episodes are related to Salmonellosis, 
contamination of seafood with Salmonella is a critical 
food safety issue. Likewise, smoked seafood processing 
plants must be strictly controlled to prevent Listeria 
contamination. Seafood is suitable for bacterial growth 
due to its high post-mortem pH, high moisture content, 
and appreciable amounts of non-protein nitrogen 
(Lampila and McMillin, 2012).  

The indigenous pathogens for fish and seafood are 
psychrotrophic non-proteolytic C. botulinum types B, E, 
and F, psychrotolerant histamine-producing bacteria, 
Listeria monocytogenes, Vibrio cholerae, Vibrio 
parahaemolyticus, Vibrio vulnificus, Aeromonas 
hydrophila, and Plesiomonas shigelloides. On the other 
side, Staphylococcus aureus, C. botulinum proteolytic 
type A and B, mesophilic histamine-producing bacteria, 
Salmonella spp., Shigella spp. and Escherichia coli are 
the non-indigenous bacteria that contaminate fish and 
seafood. Salmonella spp., Shigella spp., and E. coli may 
be found on seafood due to fecal contamination. 
 
Clostridium botulinum 

 
Clostridium botulinum is a Gram-positive, spore-

forming, anaerobic, and catalase-negative rod-shaped 
bacterium that produces a neurotoxic protein known as 
botulinum neurotoxin (Botulin). Botulin is a rare toxin 
but threatens human life. C. botulinum species are 
divided into seven types (A to G) based on the serology 
of the toxins produced. Non-proteolytic type E is the 
most common one in seafood. It is widely assumed that 
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C. botulinum spores are more common in aquatic foods 
than other foods. (Lampila and McMillin, 2012). An 
outbreak of C. botulinum types A, B, and E was reported 
in China due to consuming vacuum-packaged salted fish 
and ham. Four patients were reported with 
gastrointestinal symptoms, vomiting and one of them 
died. Early diagnosis, especially the treatment of 
illnesses related to botulism type E, was emphasized due 
to the risk of respiratory failure (Min et al., 2021). 
Rasetti-Escargueil et al. (2020) expressed fish as a carrier 
of C. botulinum E and stated that fish might pose a 
widespread risk of botulism transmission to humans. 
When botulism risk is mentioned, especially canned fish 
has been considered. The frequency of foodborne 
botulism outbreaks in patients referred to a hospital in 
Iran between 2008 - 2019 was examined. It was 
determined that canned fish consumption is an 
important cause of botulism (Dallal et al., 2020). 
Semenko et al. (2021) studied the foodborne botulism 
cases in Ukraine between 1955 – 2018 and defined 
homemade canned meat and fish as the leading causes 
of botulism. 

The conditions required for foodborne botulism 
are contamination with C. botulinum, surviving spores 
during processing, a suitable environment for growth 
and toxin production, and finally, consuming food 
without sufficient heating. A very small amount of toxin 
measured in nanograms may cause botulism poisoning. 
In other words, 0.1 g of food containing the botulin toxin 
may lead to botulism (Armstrong, 2004). Whenever the 
environmental conditions are favorable for the growth 
and toxin production of the pathogen, there will be a 
potential risk for botulism. The toxin can be formed in 
the product without any noticeable change in the 
sensory properties of fish. So, the consumer may not 
feel abnormal flavors or odors and may eat fish 
containing the toxin. The proteolytic C. botulinum 
strains have relatively higher heat resistance. However, 
the psychrotrophic, non-proteolytic strains of C. 
botulinum have been given more attention than the 
proteolytic strains. Because they may grow at 

temperatures as low as 3C in contrast to proteolytic 

strains that cannot grow below 10C. Clostridium 
botulinum type E could be a risk for vacuum and 
modified atmosphere-packed seafood since it is an 

aquatic microorganism and capable of growth at 3-4C 
under anaerobic conditions. Fish are cold-blooded 
animals and the natural microbiota is often adapted to 
low temperatures. So, C. botulinum is not considered a 

risk; however, keeping fish below 3C is recommended 
to prevent its growth and toxin formation under 
anaerobic conditions (ICMSF, 2011). Minor temperature 
abuses can dramatically affect toxin production. The 
spores of non-proteolytic C. botulinum are not 
inactivated by pasteurization; therefore, the fish should 

be stored below 3.3C for less than four weeks (Baldwin, 
2012). On the other hand, rapid chilling is recommended 
to prevent possible germination of surviving C. 
botulinum spores, although the chilling rate can vary 

depending on pack size and chilling method. 

 

Listeria monocytogenes 
 
Listeria monocytogenes is a Gram-positive and 

non-sporeforming rod-shaped bacterium. As a 
psychrotrophic pathogen, L. monocytogenes can grow 

at low temperatures just above 0C. It can grow under 
aerobic, anaerobic, or microaerophilic conditions. 
Listeria monocytogenes may cause listeriosis, leading to 
high mortality rates, especially in high-risk groups. In 
recent years, the incidence of listeriosis has increased in 
Europe, so studies on the presence of L. monocytogenes 
in foods have gained importance. The contamination of 
machines and staff movement in processing areas have 
been reported to be the most important causes of the 
presence of this pathogen in a ready-to-eat fish 
processing facility. The occurrence of this pathogen in 
seafood processing facilities is an important issue, and 
periodical cleaning procedures are recommended to be 
applied regularly to prevent contamination (Aalto-
Araneda et al., 2019). Smoked fish is a potential vehicle 
for L. monocytogenes since the smoking process 
contains various opportunities for contamination or 
recontamination. The other possible reasons are the 
increased storage life of smoked fish, contamination of 
the raw material, contamination after processing, the 
ability of packaging to support L. monocytogenes 
growth. 

Survey studies have revealed that the 
contamination of fish and other foods with L. 
monocytogenes is quite common, although the 
contamination levels show variations. This pathogen is a 
significant problem for the smoked seafood industry and 
can be found on raw fish, smoked products, or work 
surfaces in a smoking facility. Listeria monocytogenes 
can be isolated from marine and freshwater species. The 
risk assessment on L. monocytogenes showed that 7% of 
raw fish are contaminated with this pathogen 1-1000 
cfu/g, while approximately 92% are contaminated less 
than 1 cfu/g (Rosnes et al., 2011). 
 
Salmonella sp. 

 
Salmonellae are Gram-negative bacilli belonging to 

Enterobacteriaceae, and many serovars have been 
identified. They are mainly present in the gut of humans 
and animals and environments polluted with feces. 
Contamination of fish and other seafood with 
Salmonella is a significant risk due to the increased 
pollution of waters and poor hygienic conditions after 
the catch. Frogs caught from polluted waters may be 
contaminated with Salmonella (Costa et al., 2021). 
Salmonella has been reported as the reason for 12% of 
the outbreaks related to seafood consumption (Huss et 
al., 2000). Mol et al. (2010) studied the effect of salting 
and drying processes on Salmonella Enteritidis, 
inoculated on horse mackerel. They reported that these 
techniques may reduce aw, sufficient to inhibit this 
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pathogen, depending on processing periods. Salmonella 
enterica was reported to be survived in frozen seafood 
at the level of 8 log cfu/g for 90 days (Don et al., 2020). 
This pathogen poses a significant risk, either for fresh or 
processed seafood. 

 
Clostridium perfringens 

 
Clostridium perfringens is an anaerobic, Gram-

positive, non-motile, and spore-forming rod-shaped 
bacterium, common in nature, mainly in soil. It was also 
isolated from water and sediments, the gut of cod, and 
different freshwater fishes (Lunestad et al., 2011). C. 
perfringens grows in the absence of oxygen and forms a 
heat-resistant spore. The spores can germinate and 
outgrow if the product is inadequately cooled, stored, or 

reheated. The optimal growth occurs at 43-45C, while 
the minimum and maximum temperatures needed for 

growth are 15C and 50C. The food poisoning caused 
by C. perfringens occurs after ingestion of viable 
vegetative cells of the organism, and the low pH of the 
stomach may stimulate the sporulation. Then 
enterotoxin is released, and result in disease in humans. 
The high resistance of C. perfringens fish isolates to 
antibiotics has been regarded as an alarming sign since 
human illnesses caused by this pathogen are commonly 
treated with antibiotics (Hafeez et al., 2021). The studies 
on the incidence of C. perfringens reveal that this 
pathogen may be found in fish and seafood products. 
Anihouvi (2020) studied the microbiological quality of 
smoked and smoked-dried fish and reported no C. 
perfringens growth after implementing improved 
processing practices. Therefore, they highlighted the 
importance and effect of good manufacturing practices 
in the fish processing industry to enhance safety. C. 
perfringens generally cannot grow at low temperatures. 

The minimum growth temperature is 12C, and its 

growth rate slows below 20C. Therefore, controlled 
chilled storage can prevent C. perfringens risk.  
 
Bacillus cereus 

 
Bacillus species are facultative anaerobic, Gram-

positive, spore-forming, and rod-shaped bacteria widely 
distributed in nature. They are primarily of plant origin 
but may also be found in fish products. The most 
important pathogenic species related to food is Bacillus 
cereus, which may cause different poisonings, including 
emetic disease and diarrhea. Most strains are 
mesophilic with an optimum growth temperature of 30-

40C. Bacillus species may be found in complex fish 
products, including vegetables, spices, rice, milk, and 
flour. However, the emetic disease caused by B. cereus 
after consuming cooked tuna fish was reported by 
Doménech-Sánchez et al. (2011). Authors have stated 
that it was the first case of emetic disease B. cereus likely 
to be associated with fish consumption. Enterotoxin-
producing B. cereus has been isolated from fresh and 
processed seafood. A high prevalence of B. cereus has 

been reported in shellfish cultivated in brackish waters 
around Taiwan, and new enterotoxin gene profiles were 
reported in their habitats (Hsu et al., 2021). 
 
Staphylococcus aureus 

 
Staphylococcus aureus is a non-motile, facultative 

anaerobic, mesophilic, and Gram-positive sphere-
shaped bacterium. Its presence is associated chiefly with 
post-processing contamination. Higher numbers of S. 
aureus can be found in processed seafood than in fresh 
ones. This pathogen may grow and produce toxins in 
cooked and peeled crustaceans or smoked fish that are 
poorly handled during processing. Since processing and 
transportation may lead to the transfer of S. aureus, 
providing good hygienic practices is essential, especially 
in the retail markets (Lampila and McMillin, 2012). 
 
Vibrio parahaemolyticus 

 
Vibrio species are primarily found in molluscan 

shellfish, harvested from unapproved areas. The water 
quality directly impacts the safety of mollusks since they 
concentrate microorganisms and toxic substances from 
polluted water. On the other hand, the habitats where 
molluscan shellfish grow are generally subject to 
pollution. The habit of consuming raw or undercooked 
mollusks is the other significant risk factor. The potential 
risks regarding molluscan shellfish safety increase 
during spring and summer due to the increasing water 
temperatures. Since bivalves are filter feeders, they may 
concentrate high numbers of Vibrio parahaemolyticus. 
This bacterium may also be found in shrimp and crab 
from warm coastal waters, and it may be destroyed by 
adequate cooking. Vibrio parahaemolyticus has been 
reported to be the primary pathogen causing 
gastroenteritis in Korea (Jo et al., 2020). The occurrence 
of this pathogen is dependent on seasons and high in 
summer. Regular monitoring is essential to control 
seafood-borne outbreaks due to V. parahaemolyticus. 
Su and Chen (2020) reported extremely low occurrence 
of pathogenic V. parahaemolyticus but high percentages 
of antimicrobial resistance in commonly consumed 
seafood in China. Therefore, they emphasized the 
imperative need to risk assessment of seafood regarding 
food safety. 

The other species of Vibrio, such as V. vulnificus, V. 
cholera O1, and V. cholera non-O1, are naturally found 
in warm coastal waters. Mainly bivalve shellfish 
processing establishments must be effectively 
controlled as to this pathogen.  
 
Escherichia coli  

 
Escherichia coli is an indicator of fecal 

contamination, and it may transfer fish via the 
contaminated aquatic environment (Cardozo et al., 
2018). Many serotypes of E. coli are reported as toxin-
producers. The pathogenic serotypes of intestinal E. coli 
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may cause diseases in the urinary or central nervous 
systems and the gastrointestinal tract.  

Escherichia coli serotype O157:H7 was identified as 
a pathogen in 1982 due to its association with food-
related outbreaks (Turgut, 2021). Today, it is recognized 
as a significant cause of foodborne disease and a 
potential threat to public health (Ayodele et al., 2020). 
Fish can be a vehicle for transferring this bacterium to 
the consumer, although it is not the primary source 
(Onmaz et al., 2020). Proper sanitary practices during 
processing and sufficient cooking of animal-origin foods 
are essential to control E. coli O157:H7 infections. The 
consumption of raw or undercooked fish may lead to 
infections. Especially in developed or underdeveloped 
countries, job training about proper fish handling 
practices may help reduce the contamination level of 
fish (Assefa et al., 2019). E. coli O157:H7 produces 
enterohemorrhagic toxins and other virulence factors. It 
may cause bloody and painful diarrhea and can lead to 
severe complications. Post-processing contamination is 
the other reason for outbreaks due to this pathogen. 

 
Aeromonas hydrophila 

 
Aeromonas hydrophila was determined as the 

predominant organism in freshwater fish (38%), 
shellfish (78-86%), and marine finfish (93%). The genus 
Aeromonas consists of Gram-negative rods commonly 
found in aquatic environments. The species of this genus 
have attracted increased attention because of their 
ability to grow at low temperatures. Since A. hydrophila 
has a broad growth temperature range, it may multiply 
on fish during storage, transport, marketing, or keeping 
in domestic refrigerators. Therefore, fish has been 
regarded as the major transmitter of this pathogen to 
humans. Good hygienic practices are essential to 
prevent contamination (Pal, 2018). 

 
Viruses 

 
The contamination of food with viruses is an 

important issue since foodborne viruses are usually 
resistant to processing or preservation methods such as 
acid, heat, drying, pressure, disinfectants, UV, or 
radiation. Although viruses are among the factors that 
cause the most foodborne diseases, there is no 
systematic monitoring of legislation to control virus 
incidence in foods. In order to prevent virus 
contamination, it is essential to ensure control by 
making legal arrangements and training food industry 
employees and managers about hygiene. 

Norovirus (NoV), hepatitis A virus (HAV), hepatitis 
E virus (HEV), and rotavirus are listed as primary hazards 
as a food-related viral threat (FAO/WHO, 2008). The 
incidence of these viruses was studied in fish and shrimp 
from the Persian Gulf. It was reported that the level of 
contamination significantly varied depending on the 
season and the species (Amroabadi et al., 2021). 

Norovirus (NoV): Noroviruses are also called 
"Norwalk virus" or "Norwalk-like virus", which may lead 
to epidemics of acute gastrointestinal disease. The 
symptoms primarily seen in humans are nausea, 
vomiting, diarrhea, and stomach pain due to acute 
gastroenteritis. Filter-feeder shellfish are incriminated 
foods because they may concentrate various 
microorganisms, including viruses, on their gills. 
Therefore, it is advised to increase good hygienic 
practices for food handlers and cook shellfish 
sufficiently before eating (Velebit et al., 2019). Das et al. 
(2020) reported a high incidence of NoV on seafood 
(41.34%) exposed to fecal contamination. They found 
the highest NoV in bivalves (52.7%), fish (16.7%), and 
crustaceans (11%) and stated that the presence of high 
amounts of NoV in seafood indicates widespread 
anthropogenic contamination of the environment. NoV, 
common both in the developing and developed 
countries, is the cause of almost half of all foodborne 
illness outbreaks in the US (Brunette, 2017). Regulatory 
authorities are focusing on establishing an infectious 
dose for various foods, including shellfish, on reducing 
the risk of Norovirus, and new methods have been 
developed to detect viruses such as NoV in food 
(Hennechart-Collette et al., 2021). Novel techniques 
such as atmospheric pressure plasma jet reported being 
effective inactivating norovirus on salmon sashimi 
(Huang et al., 2021). 

Hepatitis E virüs (HEV): HEV is not very common in 
industrialized countries but may be the main reason for 
outbreaks in tropical and subtropical countries. Shellfish 
in tropical regions are risk factors for HEV transmission. 
Under-cooked or raw shellfish have been indicated as 
food commodities with the risk of HEV infection (Velebit 
et al., 2019). Pavio et al. (2021) also associated HEV 
exposure with shellfish consumption.Fecal-
contaminated water is the leading transmission route, 
and HEV has been recognized as the main reason for 
viral hepatitis, especially in developing countries. The 
mortality risk is high in pregnant women, and the illness 
is generally severe (FAO/WHO, 2008). Since bivalve 
shellfish filter water during feeding, the virus 
concentration in their edible tissues may be much higher 
than in their surrounding waters. 

Hepatitis A virus (HAV): The presence of hepatitis A 
virus (HAV) is mainly associated with the sewage 
contamination of foods and poor hygienic conditions of 
food handlers and farmers. Since good hygienic 
practices and sanitation can significantly reduce HAV 
transmission, its prevalence is lower than NoVs. Even 
though handling by infected workers may also result in 
contamination of NoV and HAV; the main route of 
transmitting is the harvesting of shellfish from fecal-
contaminated areas (FAO/WHO, 2008). Bivalves such as 
mussels, oysters, or clams filter off their food from the 
water, and they may be contaminated with this virus. 
The first HAV outbreak was reported in 1955 and 
affected 629 people due to the consumption of raw 
oysters. Then, in 1988, almost 300000 people were 
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infected HAV due to eating clams collected from a 
sewage-polluted area. This outbreak has been reported 
as the most significant (Price, 1999). The current 
microbiological guidelines mainly target bacteriological 
analyses and mostly fail to determine the presence of 
viruses. Dirks et al. (2021) emphasized the necessity of 
monitoring NoV and HAV levels in bivalve mollusks for 
critical risk assessment and management. The potential 
of depurated shellfish to carry viral risks should not be 
overlooked. The minimum infective dose is unknown, 
but this is probably a figure for less than 100 viruses 
(Velebit et al., 2019). Di Cola et al. (2021) stated that 
there is still very little data on the prevalence, sources, 
and frequency of HAV and HEV contamination. They 
emphasized the need for a standard methodology for 
HEV detection in foods. 

Adenovirus: Adenoviruses have been isolated from 
wastewater, seawater, and shellfish. They are widely 
found in the environment and, when infecting humans, 
may cause gastroenteritis and conjunctivitis. Even the 
symptoms are not very strong; a large amount of the 
virus is shed in feces and respiratory secretions for 
months or years after infection. Myrmel et al. (2004) 
detected Adenoviroses in 18.6% of samples, including 
finfish and bivalve mollusks from Norwegian coasts, and 
emphasized routine testing of samples regarding the risk 
of virus infection. Similarly, adenovirus was detected in 
46.15% of mussels from Turkish waters (Ghalyoun and 
Alcay, 2018). 

Astrovirus: Astrovirus transmission may result in 
diarrhea, fever, nausea, weakness, and vomiting in 
humans. Shellfish are among the contaminated foods 
with astrovirus during the pre-harvest, and children’s 
acute diarrhea is significantly related to this virus. 
Although diarrhea usually does not last more than 2-3 
days, it can last up to 14 days with the scattering of the 
virus in the stool. Viral contamination levels could vary 
depending on the seasons, and sometimes 50% of 
shellfish, such as mussels, may be contaminated with 
this virus. Astrovirus usually causes milder symptoms 
than rotavirus. Astrovirus was reported in 63.46% of the 
mussels collected from Turkish fish markets (Ghalyoun 
and Alcay, 2018). 

 
Heavy Metals 

 
Pollutant levels are increasing in the environment as a 

negative result of anthropogenic activities, and heavy 
metals are the primary pollutants in water resources. 
Although many trace elements are essential biological 
substances, some are potentially toxic and can be very 
harmful to human health even in minimal quantities. 
These may accumulate in fish and shellfish and transfer 
to humans through the food chain. Demersal species, 
bivalve mollusks, and long-lived predator fish such as 
tuna, swordfish, or sharks are known for their potential 
to concentrate metals in their tissues due to their 
biological features and habitats.  

Mercury (Hg) is a well-known toxic trace element 
that threatens human health, and it is one of the severe 
pollutants. Methylmercury is the main source of organic 
Hg formed from the inorganic Hg in the aquatic 
environment. Exposure may result in adverse health 
effects on the brain and nervous system over time and 
may increase the risk of coronary heart disease (US EPA, 
2017). It may cause behavioral disorders in children and 
may damage fetus during pregnancy. Fortunately, 
selenium (Se), another element found in fish, can 
detoxify Hg and reduce Hg accumulation in mammals 
and fish. Selenoprotein is an essential compound of Se, 
and it reduces the toxic effect of Hg. So, it has been 
advised to assess the molar ratio of Hg:Se to clarify the 
effects of Hg exposure. Indeed, the risk from mercury 
exposure from various fish species was evaluated 
considering the interactions between selenium and 
mercury, and no health risk was reported due to the 
protective effect of Se on Hg. It was stated that the fish 
could be safely consumed when the Se/Hg ratio was 
above one, and the Se-HBV was positive (Ralston et al., 
2008). For this reason, it was emphasized that it is vital 
to monitor Se level as well as Hg (Ulusoy et al., 2019). 
Selenium can also prevent human form diseases, and 
low to medium Se intake is advised to support a healthy 
life. Excessive Se intake may have adverse health effects. 
Still, most Europeans have some health problems due to 
its deficiency in the diet since they take this element 
generally below the recommended amount (Ježek et al., 
2012). 

Cadmium (Cd) is also a human carcinogen with 
adverse health effects on the kidney, skeletal, and 
respiratory systems. Fish has been regarded as the 
primary source of cadmium exposure for humans. Other 
elements that may threaten human health due to fish 
consumption are Lead (Pb) and Arsenic (As). The 
nervous system, kidney, hematological, and 
cardiovascular systems may be injured when high 
concentrations of Pb are taken by diet regularly. Arsenic 
is a highly toxic element, but thankfully most of it (about 
98%) is found as the nontoxic organic form in fish flesh 
(EFSA, 2009). Cooper (Cu) and zinc (Zn) are essential 
elements and are needed for the metabolic activities of 
the human body. However, they may cause illnesses 
such as liver and kidney damage when elevated 
concentrations are digested. Therefore, their 
concentrations are also monitored in fish and shellfish 
(Ashraf et al., 2006). 

Various national and international guidelines 
specify the permitted maximum amounts of toxic 
elements present in fish or shellfish. The safety of the 
fish is evaluated by monitoring whether the trace 
element concentrations detected in edible muscles 
exceed this level. However, due to their eating habits, 
the fish consumption amounts may vary significantly in 
different countries. So, the risk of heavy metals from 
eating fish is not the same for every society, and 
consumption amounts should also be considered when 
assessing health risks for different populations. 
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Potential heavy metals risks due to consuming 
thornback ray and spiny dogfish were evaluated for 
Turkish and Greek people by Mol et al. (2019). The 
differences in the potential health risks of these two 
communities resulted from their fish consumption 
rates. 

 
OCPs, PCBs and BFRs 

 
Increasing agricultural activities lead to pollution of 

the environment with organic and inorganic pollutants. 
As well as the local emission, long-distance atmospheric 
transportation is also reported to be an essential factor 
concerning the accumulation of contaminants (Riaz et 
al., 2021). Dichlorodiphenyltrichloroethane (DDT), 
hexachlorocyclohexane (HCH), endrin, and aldrin are the 
most used OCPs. Synthetic organic chemicals are the 
other important pollutants used in industrial 
applications and enter into waters and transfer to 
humans due to the food chain. They are commonly 
termed Polychlorinated biphenyls (PCBs). Likewise, in a 
recent study, PCBs and OCPs reported posing potential 
carcinogenic and non-carcinogenic risks and the need of 
implementing emission standards for pollutants 
indicated (Chen et al., 2021). On the other hand, OCPs 
and PCBs in Pacific salmon were reported to decrease 
from 2012 to 2018, showing their elimination from the 
Northwest Pacific (Donets et al., 2021).  

Brominated flame retardants (BFRs) are other 
pollutants that have been mentioned to accumulate in 
fish. They are widely used to prevent unwanted ignition 
of various products. BFRs are synthetic chemicals and 
have bioaccumulative, persistent, and toxic effects 
when released into the environment. 
Hexabromocyclododecanes (HBCDs), polybrominated 
diphenyl ethers (PBDEs), and tetrabromobisphenol-A 
(TBBP-A) are the widely used BFRs and restricted due to 
their high ecological and health risks (Tao et al., 2019). 
Habitat, season, trophic level, and rainfalls are reported 
to be factors influencing the formation of OCPs, PCPs, 
and BFRs, and seasonal effects may increase pollution in 
the tropic regions (Haarr et al., 2021). 
 
Microplastics 

 
Plastics are produced in large quantities for various 

purposes and dissolve very slowly. Their complete 
decomposition takes centuries, even millennia. 
Therefore, plastic particles accumulate in the 
environment and threaten animal and human life. 
Microplastics (< 5 mm) are widely present in the aquatic 
environment due to anthropogenic activities, and 
aquatic organisms may ingest these particles. When the 
fish samples from a museum were examined, very few 
microplastics were reported in 20th-century fish (Toner 
et al., 2021). But today, the presence of microplastics 
has been reported in 323 fish species, 81% of which are 
of commercial value, and has become an important 
issue for human health and food safety (Markic et al., 

2020). Recent scientific studies report the adverse 
effects of microplastics on the environment, aquatic 
animals, and transfer to humans via the food chain 
(Ghosh et al., 2021; Cabansag et al., 2021; Rasta et al., 
2021; Parvin et al., 2021). It is foreseen that 
contamination of fish with microplastics will be a rising 
problem awaiting a solution. 

Microfibers (MFs) have been considered the 
primary sources of aquatic microplastic pollution. Lethal 
effects of microfibers have been reported in marine 
animals and terrestrial organisms, and domestic 
washing has been stated as their primary source (Singh 
et al., 2020). 

 

Recent Potential Threats via Seafood  
 

Effects of Climate Change on Seafood 
 
Climate change is one of the biggest global 

problems of today. It may threaten the reliability, 
diversity, quantity, and quality of fishery products. As a 
result of global warming, water level, salinity, and 
dissolved oxygen amounts change while pathogens and 
toxic algae spread globally (Lotze et al., 2021). Rising 
seawater temperature may affect the distribution of 
many fish species, cause mutations, reduce survival rate, 
or reduce species diversity. Therefore, climate change 
may adversely affect aquaculture, fisheries, seafood 
trade, and fish processing sectors. These effects may 
have economic, social, and environmental 
consequences as well as public health effects. 

Depending on climate change, it is expected that 
the amount of pollutants in the waters will increase due 
to the expanded amount of soil transfer to the water 
(Kibria et al., 2021). Increased temperature and acid 
rains raise heavy metal concentration in the water. Thus, 
aquatic organisms concentrate higher amounts of heavy 
metals in their tissues. The temperature has been 
known as a critical factor affecting the metal uptake of 
aquatic organisms. Warming waters will facilitate 
mercury methylation and increase the methylmercury 
uptake in fish by about 3-5% when the temperature rises 
by 1°C. The interactive effects of climate change and 
increased concentrations of pollutants result in the 
toxicity/lethality of seafood, threatening their survival 
(Kibria et al., 2021). Transmission of contaminants from 
the environment is a crucial threat to fish survival and 
consumer health. 

As a result of climate change, the annual 
temporary period of harmful algal blooms that occur 
may also be extended (Tirado et al., 2010). Climate 
change will lead to an increase in toxic algae in waters, 
and as a result, the frequency, severity, and number of 
areas where shellfish poisoning will increase. There is a 
possibility that climate changes will create a marine 
environment to which harmful algae adapt. Harmful 
algal blooms have become more frequent, intense, and 
common in recent years. The biggest concern about 
toxin-producing algae is the poisoning caused by the 
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consumption of shellfish and fish, which can be fatal. 
Shellfish poisoning outbreaks are predicted to be more 
frequent due to the future climate scenario. As a result 
of global climate change, hazardous algae lead to the 
formation of Paralytic (PSP), Amnesic (APS), Diarrhetic 
(DSP), Neurotoxic (NSP), and Azaspiracid (AZP) Shellfish 
Poisonings, and negatively affect human health. As well 
as shellfish poisonings, ciguatera also caused by algae 
blooms may also pose public health risks in some 
regions. In 1990, 3-7.5% of people from the South Pacific 
were exposed to Ciguatera poisoning. This number is 
predicted to be 16-43% by 2050 due to increased 
temperature. Besides, it has been expected to spread 
ciguatera poisoning to higher altitudes due to the 
increased number of toxic phytoplankton, 
Gamberdiscus toxicus following increased temperature 
(Llewellyn, 2010). 

An increase in temperature and changes in 
precipitation patterns will increase the resistance and 
incidence of bacteria, viruses, parasites, and fungi, 
which will cause rises in foodborne diseases. The 
transmission cycle of parasites has been affected by 
climate change. When the temperature is high, within 
the temperature range of the host and the parasite, the 
cercariae output almost doubles. Therefore, a slight rise 
in water temperature expands the geological 
distribution of nematodes and increases their 
proliferation in the infective stages in many ecosystems. 
The probability of enteric virus contamination in waters 
also increases due to climate change. Because flood 
events rise globally and untreated sewage water may 
overflow and contaminate clean waters. 

Another significant problem caused by climate 
change is the increased load of pathogenic bacteria in 

waters and aquatic organisms. It is known that the 
number of pathogens causing gastroenteritis, such as 
Clostridium, Vibrio, Aeromonas spp., significantly 
increase in summer seasons. So, it is predicted that the 
increased temperature due to climate change will 
spread worldwide in the future. The rapid spread of a 
new serotype of Vibrio parahaemolyticus (O3:K6) 
caused a worldwide epidemic in recent years. This 
finding indicates that new public health risks may be 
encountered (Tirado et al., 2010). In addition to 
increasing temperature, changes in factors such as sea 
level, precipitation, flood, and salinity also affect the 
microflora of the water, and pathogens carried by 
ballast waters can spread easily. Shellfish are expected 
to be the main pathogen transmission route to humans, 
as they are filter-feeders and are generally consumed 
raw. 

Acidification is the other adverse effect of climate 
change on water resources. Acidification of water is the 
phenomenon of declining pH in water sources due to the 
absorbed atmospheric carbon dioxide by the water. On 
the other hand, reduced calcification of most corals has 
been reported. The future presence of coral reefs is a 
great concern since they create a unique ecosystem and 
provide a habitat for many commercial species. 
Crustaceans may not form shells due to the reduction of 
calcification, and the availability of these foods on our 
tables will come to an end. Acidification may also result 
in a higher accumulation of pollutants in seafood (Kibria 
et al., 2021). 

Climate change will make our seafood insufficient 
in terms of quantity and safety due to the negative 
impacts such as increased levels of pollutants, parasites, 
viruses, pathogens, acidification, and toxicities such as 

 
Figure 2. Negative impacts of climate change on seafood 

 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS20533 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shellfish poisoning and Ciguatera (Figure 2). Food safety 
programs should be created globally to decrease 
greenhouse gas emissions and support eco-friendly 
technologies. Strategies need to be developed to tackle 
new challenges such as climate change affecting 
seafood quality and microbial safety. New strategies will 
help maintain the safety and quality of seafood from 
farm to fork to address One Health and Sustainable 
Development Goals. 

 
Antibiotic Resistance 

 
The transfer of antibiotic resistance genes through 

food poses a significant threat to public health. The 
promoted growth in agriculture and the widespread use 
of antibiotics raise concerns for food safety. The 
antibiotic residues transfer between the animals, 
environment, and humans. So, antibiotic resistance 
occurs, depending on the transmitted antibiotic 
amount. Excessive industrialized practices and high 
demand for food have led to severe bacterial diseases in 
agriculture, animal husbandry, and aquaculture. So, the 
use of antibiotics has increased. Antibiotics used to cure 
human and terrestrial animals transfer into the soil and 
water, leading to increased resistance in pathogens. 

Moreover, according to a recent report, using one 
type of antibiotic /antimicrobial may result in cross-
resistance to others (Sony et al., 2021). Antibiotic 
residues support the proliferation of antibiotic 
resistance genes. Antibiotics resistance genes and 
antibiotics alter microbial communities and 
biogeochemical cycles and threat marine organisms and 
human health (Wang et al., 2022). 

Antibiotic resistance has also been reported in fish 
through their diet and aquatic habitat. Antibiotic 
resistance to pathogenic Vibrio spp. is reported to be 
highly prevalent in marine fish from South China (Deng 
et al., 2020). A study in South Korea indicated that 
farmed fish contain higher amounts of opportunistic 
pathogens than wild fish, and fish farms may be a source 
for antibiotic resistance gene dissemination. The 
necessity of monitoring antibiotic resistance genes in 
fish farms and the need for actions have been 
emphasized (Jo et al., 2021). 

Algammal et al. (2022) studied the antimicrobial 
resistance of emerging multi-drug resistant Edwardsiella 
tarda in fish and reported a significant correlation 
between phenotypic antimicrobial susceptibility, 
virulence determinants, and inherited resistance genes. 
Today, pathogens continuously contact antibiotic or 
antimicrobial wastes, becoming resistant to these 
substances. Medical treatment possibilities are limited 
when humans are infected with 
antimicrobial/antibiotic-resistant pathogens. That is to 
say, if the causative pathogen has antimicrobial 
resistance genes, recovery of the patient will be difficult 
or will not be possible. Due to antibiotic resistance, the 
cure of infections getting harder in recent years. As well 
as increasing mortality, antibiotic resistance increases 

the medical cost due to the increased length of hospital 
stay. Therefore, antimicrobial resistance is a serious 
problem of this century. WHO (2021) recommends 
raising awareness of antimicrobial resistance, 
optimizing the use of antibiotics, strengthening research 
and surveillance, reducing the incidence of infection, 
and maintaining investment to combat antimicrobial 
resistance to reduce antimicrobial resistance. 

 

Conclusion 
 

Fish and other seafood are the most sensitive 
foods to spoilage, and they may contain some food 
safety risks for the consumer. Receiving seafood from an 
approved vendor, obtaining a fisheries certificate of 
origin, preventing secondary contamination after catch 
or harvest, ensuring an unbroken cold chain, applying 
sufficient time and temperature for heat-treated 
products are the most critical factors in preventing 
potential hazards and delaying spoilage. International 
engagements should bring long-term solutions to global 
problems such as antibiotic resistance and climate 
change. Implementation of these practices will provide 
remarkable benefits in terms of food safety and the 
economy.  
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