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Abstract

The presence of microorganisms in fish and fish products is a relevant factor in spoilage
and food safety. Fish is considered a nutritious staple of the human diet and is produced,
processed, and marketed worldwide. To describe the role of microorganisms in regard
to the safety of fish and fish products, we conducted this narrative review to present
information on fish production; various pollution hazards; and the causes, control, and
prevention of diseases caused by food consumption. It also explores documented cases of
foodborne illnesses in Mexico associated with microorganisms. Furthermore, microbiologi-
cal evaluations of products that are offered for consumption in different areas and cities of
Mexico are reviewed, as is the regulatory framework that has been developed regarding the
safety of produced and marketed products. This was achieved through the searching for,
compilation of, and analysis of information in various databases (Redalyc, Scielo, Scopus,
Web of Science, ScienceDirect, Google Scholar, among others). The knowledge obtained
indicates that bacteria and parasites are frequently associated with illnesses caused by the
consumption of raw products or products subjected to inadequate cooking and hygiene
practices. Meanwhile, a microbiological evaluation of fish and marketed products reveals
contamination that compromises food safety. Therefore, it is necessary to strengthen micro-
biological surveillance of products and hygiene education throughout the food chain by
government, industry, researchers, and end consumers to promote the availability of safe,
nutritious foods for the population.

Keywords: food safety; fish; food microbiology; pathogens; hazards; contamination;
microbiological assessment; public health
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1. Introduction

Access to healthy and safe food is a fundamental right for all people worldwide,
enabling them to grow, develop, and maintain their health throughout their lives [1]. Food
is considered safe when it is free of substances that can cause harm to the consumer’s
health at any level of exposure [2]. The overall quality of food is defined by four attributes
that influence its value and acceptability: nutritional, sensory, safety, and commercial
qualities [3,4]. There is an important relationship between food safety and consumer health,
making food safety essential [4].

In the food production industry, food safety must be a basic, non-negotiable, high-
priority concept, unlike other food attributes. Consumers demand and trust that all types
of food are safe, regardless of the production process, and producers must be legally and
morally responsible for ensuring that this requirement is met in their products [3].

Throughout the food production chain—from the farm through processing, storage,
and preparation, and before consumption in restaurants or at home—contamination by
various agents or hazards can occur, and its subsequent consumption can lead to foodborne
illnesses [5]. Meat products are a staple of human nutrition in several countries and
contribute substantially to nutrients such as fats, vitamins, minerals, and proteins, the latter
being of high nutritional quality due to their high biological value and bioavailability [6].

Fish is one of the most produced and marketed meat products worldwide, primarily
intended for human consumption. It is relatively affordable and accessible, leading to an
increase in consumption [6,7]. In 2022, global fishing and aquaculture activities represented
a source of employment for 61.8 million people and a significant contribution to the food
supply, reaching a production from both activities of 185.4 million tons of live weight, of
which approximately 88.7% was intended for human consumption; this amounted to a
per capita consumption of 20.7 kg, while the remaining 11.2% was for non-food use [7].
Fish is considered part of the human diet due to its nutritional value which, along with the
degree of freshness and safety at which it reaches our tables, depends on various factors,
such as the capture or cultivation conditions, processing, handling, storage, transportation,
and marketing, making it highly susceptible to spoilage and contamination by a variety
of hazards that increase the risk of foodborne illnesses in consumers [8-10]. This food can
also generate economic losses due to confiscations of products in good or poor condition
being associated with these illnesses, as well as the closure of establishments that prepare
and market these foods [11].

Therefore, the objective of this narrative review is to present a general and concise
perspective on foodborne illnesses, with an emphasis on fish and fish products. This
information includes sources of production and consumption, the main hazards of con-
tamination associated with these diseases, and methods for their control and prevention.
Emphasis is also placed on the case of fish production in Mexico, including reported cases
of foodborne illnesses, the presence of biological contaminating hazards in fish products,
and reported cases associated with consumption. This information is presented through
searches, compilation, and analysis using various databases (Redalyc, Scielo, Scopus, Web
of Science, ScienceDirect, Google Scholar, among others). Our inclusion criteria focused
on microbial pathogens, food types, information availability, regulations, and location.
Published articles and gray literature in English and Spanish were considered, with no spe-
cific search and selection period being defined. The Boolean search method was included
using search blocks such as foodborne diseases, microbiological terms, geographic focus,
control systems, and public health, as well as the combination of keywords and general or
specific phrases such as “Foodborne outbreak Mexico” OR “Microbiological hazards fish”
OR “Foodborne disease” OR “Foodborne illness” OR “Microbiological evaluation seafood
Mexico” OR “Food safety fish Mexico” OR “Food safety” OR “Hygiene” OR “Surveillance”
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OR “Food safety fish” OR “Regulation food safety Mexico” OR “Evaluation microbiological
fish Mexico”. In the selection and evaluation of information, the titles and abstracts were
reviewed, and, if necessary, the entire document was evaluated.

Studies on foodborne illnesses, fish- and shellfish-borne illnesses, microbial causative
agents, surveillance, risk practices, and disease prevention were included; information
regarding fish-borne diseases in Mexico and causative agents of non-microbial origin
was excluded.

2. Foodborne Illnesses

Foodborne illnesses are a group of conditions caused by the ingestion of food or water
that has been contaminated by physical, biological, or chemical agents, affecting the health
of consumers individually and collectively [5,12,13].

These diseases are a priority challenge in global public health due to their incidence,
sequelae, and mortality; new forms of transmission; vulnerable population groups; the
increase in international trade; the preference for ready-to-eat foods and consumption of
these in public places; the increased resistance of causal agents to antimicrobial compounds;
and negative effects on the economy due to costs in hospital services, productivity, demands,
and consumer confidence [12-16].

Foodborne illnesses have a variety of primarily gastrointestinal symptoms, such as
nausea, vomiting, diarrhea, abdominal pain, and fever. In some cases, there are severe
complications, including sepsis, meningitis, miscarriage, Reiter’s syndrome, Guillain—-Barré
syndrome, or death [5,12,17]. An individual’s health status, age, and other characteristics
influence their predisposition to foodborne illnesses. The most susceptible populations
are pregnant women, elderly populations, children, malnourished people, immunocom-
promised people, as well as those living in high levels of poverty and unsanitary condi-
tions [1,14,17].

More than 250 causal agents of foodborne illnesses have been described due to the
diversity of contaminants that can have a chemical (antimicrobials, growth promoters,
toxic food additives, lubricants, inks, disinfectants, heavy metals, and pesticides, among
others), physical (fragments of glass, metal, wood, or others), or biological (bacteria, fungi,
parasites, viruses, and prions) origin, with the latter being involved in most of these
diseases [12,14,15,17].

Foodborne illnesses caused by biological agents are classified into two types: firstly,
foodborne infections occur when food is contaminated by the pathogen, which establishes
and multiplies in the consumer. There are two variants: (1) Invasive infections, character-
ized by the microorganism colonizing tissues and organs of the affected person. Examples
of these are salmonellosis, listeriosis, trichinosis, hepatitis A, and toxoplasmosis. (2) Toxi-
infections caused by non-invasive microorganisms, which are capable of developing in
the host’s intestinal tract and producing toxins. Some examples are Bacillus cereus, Vibrio
cholerae, Vibrio parahaemolyticus, and Yersinia enterocolitica. Secondly, food poisoning due to
toxins being present in the food, produced by microbial growth in the food prior to con-
sumption. A few examples are botulism, staphylococcal poisoning, histamine poisoning,
fungi-produced toxins (aflatoxins), or marine species (ciguatoxin and saxitoxin, among
others) [1,8,14].

According to the World Health Organization (WHO), every year, 600 million people
around the world become ill after consuming contaminated food, of which 420,000 are
fatal cases [5,13]. Likewise, it is estimated that 1.5 billion cases of diarrhea are reported
annually, of which 70% are a consequence of the ingestion of food contaminated by various
microorganisms or derived toxins [13].
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The most common causative agents of foodborne and diarrheal diseases globally
are those of a biological origin, such as Campylobacter spp., Salmonella spp., Tnenia solium,
Anisakis sp., Trichinella spp., Staphylococcus aureus, Clostridium spp., Escherichia coli, Vibrio
spp., Shigella sp., Listeria monocytogenes, B. cereus, Yersinia sp., norovirus, and hepatitis A
virus [16-21].

In most Latin American and Caribbean countries, foodborne illnesses are among the
top five causes of death [13]. Food safety is a critical factor in countries such as Costa
Rica, El Salvador, Guatemala, Honduras, and Nicaragua. It has been reported that a lack
of food safety increases the risk of gastrointestinal diseases due to bacterial and parasitic
infections and poisonings, manifesting as episodes of diarrhea, headache, vomiting, and
fever. The main identified pathogens are Staphylococcus aureus, Bacillus cereus, fecal
coliforms, Clostridium botulinum, C. perfringens, Vibrio cholerae, V. parahaemolyticus, Yersinia
enterocolitica, Listeria monocytogenes, Shigella sp., and Salmonella sp. [1].

In Mexico, gastrointestinal diseases are among the leading causes of medical con-
sultations and deaths, affecting individuals of all ages and social backgrounds, and are
frequently reported in children and the elderly population [22-24]. These diseases are
primarily caused by bacteria (including E. coli, Vibrio sp., Salmonella ssp., and Shigella sp.),
parasites (Ascaris, Enterobius, Giardia, Amoeba, and Taenia), and viruses (Rotavirus, norovirus,
and hepatitis A virus), either by consuming contaminated food and water or through direct
contact due to poor hygiene [22,23,25].

By 2020, intestinal infections were the 20th leading cause of death in Mexico, with
3,513 deaths, primarily affecting children and older adults [26]. In 2024, 4,348,944 cases of
infectious intestinal diseases (IIDs) were reported, as were 24,751 cases of bacterial food
poisoning (BFP). Women were most affected by IIDs, with the highest proportion of cases
occurring in the states of Chiapas, Mexico City, Jalisco, State of Mexico, Nuevo Leén, Puebla,
Tamaulipas, and Veracruz. For BFP, women were also the most affected group, with the
highest number of cases occurring in the states of Baja California, Jalisco, San Luis Potosf,
Nuevo Leén, and Chihuahua [25].

3. Fish and Fish Products

The category of fish is defined as fish, crustaceans, mollusks, and other forms of
aquatic organisms (such as algae) that come from fresh or salt water and are intended
for human consumption [27,28]. Fishery products are intended for human consumption
and contain fish as a primary ingredient [27]. Fish is considered a basic element in the
human diet and recommended to be consumed twice a week, for a number of reasons: it
is an important source of proteins (15% to 25%); exhibits high digestibility (above 80%);
has biological value (close to 100%); is a source of essential amino acids (mainly lysine,
leucine, and histidine), omega-3 and 6 fatty acids, vitamins (A, D, and E), and minerals
(I, Na, Ca, Fe, Mg, and P, among others); varies from one species to another; and has low
caloric contents. Therefore, the consumption of fish promotes health and prevents various
cardiovascular diseases, improves cognitive function, reduces the risk of dementia and
Alzheimer’s, contributes to glycemic control, and improves insulin sensitivity, among other
positive effects [28-31]. However, despite their nutritional value, the safety of these prod-
ucts can be compromised throughout the food chain by multiple contamination hazards
(microorganisms, metabolites, chemicals, and toxins) that can represent a significant risk of
consumption-related diseases [31].

4. Aquaculture and Fishing

Aquatic systems are a source of food and nutrition and support socioeconomic de-
velopment and sustainability, as they have a low ecological footprint. Through fishing
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and aquaculture activities, humans obtain fish. The global production from both activities
in 2022 was 185.4 million tons, with Asian countries such as China, Indonesia, Vietnam,
and India being the main producers; 88.7% of total production was used for food, while
the remainder was used for fishmeal and oil production. Per capita consumption reached
20.7 kg, with this food being used, processed, or distributed in live, fresh, refrigerated,
frozen, prepared, canned, or cured form; the last of these procedures promote the safety of
fish products, reduce spoilage, and increase their availability for consumption [7]. In Mex-
ico, fishing and aquaculture activities represent an important source of food and economic
value, with production in 2023 from both activities amounting to 2,455,025 tons, and with
the states of Sonora, Sinaloa, Baja California, Baja California Sur, and Veracruz being the
main producers; direct human consumption was the main destination, with a per capita
consumption of 13.88 kg, while the main industrial processes to which it is subjected are
freezing, canning, production of fishmeal and oils, dehydration, smoking, dry-salting, and
cooking [32]. In Mexico, the period with greatest consumption of fish is the “Lent/Easter
season”, with a wide variety of species such as sardines, tuna, squid, octopus, catfish,
shrimp, tilapia, trout, oyster, sawfish, grouper, and sea bass being eaten [33].

5. Foodborne Illnesses: Fish Consumption

Fish, having high nutritional value, is also susceptible to contamination and spoilage
through autolysis, oxidation, and microbial activities, which reduce its nutritional and
sensory quality and pose a health risk to consumers [8,10,34]. Thus, the high nutritional
value, freshness, and safety of fish are related to factors such as species, age, environment
and conditions of capture or harvesting, type of feed, handling, storage, transportation,
and distribution conditions [10,29].

There are a variety of physical, chemical, or biological agents that can impact quality
aspects relating to fish safety and spoilage (Table 1). Around the world, a correlation between
the consumption of fish and outbreaks or cases of diseases has been reported, with the main
causal agents being those of a biological origin such as bacteria and toxins [17,35-38]. Among
the fish products that have been reported as vehicles of causal agents of foodborne illnesses
are the following presentations: 1. raw (sushi, sashimi); 2. cooked (fried, roasted, or grilled);
3. smoked; 4. retorted; 5. acidified; 6. acidified raw (ceviche); 7. salads; 8. liquid mixtures
(soups or stews); 9. salted; and 10. fermented [39].

Fish is considered a safe food, since the edible part (muscle) of healthy fish is sterile;
microorganisms are commonly present in the skin, gills, digestive tract, and other internal
organs of live and freshly caught fish; their qualitative and quantitative proportions depend
on the aquatic environment in which they live, which can be affected by human activities,
climate change, or natural disasters [27,34,40,41]; their species; feed; the fishing gear used;
the season of the year; initial processing and storage conditions of the fish; and other
factors [27,34,41,42].

The microbiota of fish from temperate waters is primarily composed of psychrotrophic
Gram-negative bacteria of the genus Moraxella, Acinetobacter, Flavobacterium, Aeromonas,
Vibrio, Shewanella, and Pseudomonas [34,42]. Gram-positive organisms such as Bacillus, Micro-
coccus, Clostridium, Lactobacillus, and Coryneformes can also be found in varying proportions,
but Gram-negative organisms generally remain dominant. It has been reported that the
Gram-positive bacteria Micrococcus and Bacillus are abundant in the microbiota of fish from
tropical waters. However, various studies have reported that the microbiota of fish from
temperate and tropical waters are very similar [34].

Fish have also been identified as reservoirs of various bacterial pathogens that are
linked to human diseases such as Erysipelothrix rhusiopathiae, Aeromonas sp., Salmonella
spp., Staphylococcus aureus, Mycobacterium spp., Streptococcus iniae, Photobacterium damselae,
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Vibrio sp., Listeria monocytogenes, Clostridium sp., Plesiomonas shigelloides, and Edwardsiella
tarda [27,42].

Pathogenic bacteria can be part of the natural microbiota, while others are a product
of contamination of the waters where they live or during their processing and handling;
they can therefore be classified into 1. native bacteria that are widely distributed in aquatic
environments around the world, where the water temperature has a selective effect (such as
C. botulinum, Listeria spp., Pseudomonas spp., Vibrio spp., Aeromonas sp., and Plesiomonas sp.)
and 2. non-native bacteria that are present in fish and derived from fecal contamination
from the animal/human reservoir of aquatic environments or through contamination of
products during handling and processing (some examples are Salmonella spp., Shigella
spp., Yersinia spp., Campylobacter jejuni, E. coli, Bacillus cereus, Clostridium perfringens, L.
monocytogenes, and S. aureus) [8,42-46].
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Table 1. Main hazards or causative agents of foodborne illnesses due to consumption of fish, shellfish, and seafood products.
Hazard Type of Hazard/Causal Agent Category Clinical Signs Source
Physical
Glass, plastic packaging, metal (tools, fishhooks, knives),
Sh:ﬁ(;?gz’n d Foreign particles. Injuries to organs of the gastrointestinal tract, broken teeth, asphyxiation. [46,47]
wood, thorns (bones).
Biological
Vomiting, itching, nausea, dizziness, chills, myalgia, temporary blindness,
Ciguatera. Biotoxin. hallucinations, and hypertension may occur. Severe and extreme cases can lead to [47-50]
paralysis, coma, and/or death.
Scombroid toxin Bi . . Hot flashes, sweating, burning sensation in the mouth, dizziness, diarrhea, nausea, o
. . iogenic amines. [8,30,48,49]
(histamine). and headache.
Paralytic shellfish poisoning (PSP) (saxitoxin). Biotoxin. Numbness of face, neck, and hands; na;sr:ic vomiting; and death due to respiratory [47,51]
Diartheic Shellfish Poisoning (DSP). Biotoxin. Diarrhea, nausea, vomiting, and'chror'uc exposure promote the formation of [47,51]
gastrointestinal tumors.
Neurotoxic Shellfish Poisoning (NSP) (Brevotoxins). Biotoxin. Nausea; vomiting; d}arr}}ea; numfbfless ?“d tmgh-ng of t'he lips, mouth, face, and [47,52]
extremities; paralysis; respiratory distress; and death.
Amnesic Shellﬁsh Po1'son1ng (ASP) Biotoxin. Diarrhea, vomiting, and abdominal cramps. [47,53]
(Domoic acid).
Tetrodotoxin. Biotoxin. Tingling sensation in the fe}ce and extremities, paralysis, respiratory symptoms, 18,48]
cardiovascular collapse, and death.
Lesions and symptoms in various organs: fibrosis and liver cancer, intestinal
. Toxins/fungi (Aspergillus, Penicillium, bleeding, central nervous system involvement, bone marrow atrophy, myocardial )
Mycotoxin. . L. . . I . [54,55]
Fusarium, and Mucor). degeneration, immunosuppressive effect, increased vascular fragility with
hemorrhage, and nephrotoxicity.
Cryptosporidium spp. Parasite. Watery diarrhea, constipation, fever, anorexia, nausea, vomiting, and weight loss. [56-58]
Toxoplasma gondii. Parasite. Asymptomatllc or with nonspecific symptoms, flu-like symptoms, or [57,59]
ymphadenopathy. Ocular involvement.
Giardia duodenalis. Parasite. Diarrhea, abdominal pain, nausea, anorexia, and weight loss. [57,60]
Anisakis sp. Parasite. Allergies, sore throat, vomiting, stomach pain, cramps, fever, and nausea. [6,8,49,61]
Eustrongylides Parasite. Gastritis and intestinal perforation. [62]

spp-
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Table 1. Cont.
Hazard Type of Hazard/Causal Agent Category Clinical Signs Source
Biological
. . . Abdominal pain and discomfort, flatulence, diarrhea, vomiting, weight loss, anemia,
Diphyllobothrium sp. Parasite. and intestinal or bile duct obstruction. [16,61,63]
Grathostoma sp. Parasite. Serpiginous eruptions and/ or_e_ryth_ema (r‘eddemng of‘ the skin—alteration of the [61,64]
superficial circulation of the skin).
) . Asthenia, nausea, indigestion, headache, dizziness, vertigo, abdominal discomfort, -
Clonorchis sp. Parasite. diarrhea, or abdominal pain. Jaundice, hepatomegaly, and liver tenderness. [8,16,65,66]
Opisthorchis spp. Parasite. Chronic inflammation of the bile duct, cholang_ltls and liver cirrhosis, and may [8,16,66,67]
promote colangiocarcinoma.
Heterophyes sp. Parasite. Diarrhea, anorexia, abdqmmal pain, and we1gh_t lp§s, varying according to [16,61,66,68]
individual patient susceptibility.
Paragonimus sp. Parasite. Diarrhea, abdominal pain, fever, cough, hives, hepat_osplepf)megaly (enlargement of [16,61,64]
the liver and spleen), and eosinophilia.
Fdwardsiella tarda. Bacteria. Gastroenteritis, meningitis, cholecystltls_, _endocardms, liver abscess, and [69]
osteomyelitis.
Listeria spp. Bacteria. Nausea, vomiting, dlarrhe?, fe':\.ler, h'eadac.he, abdominal distension, bacteremia, [64,70,71]
meningitis, miscarriage, and others.
Bacillus cereus. Bacteria. Diarrhea and vomiting. [42]
Campylobacter sp. Bacteria. Diarrhea (sometimes bloody), stomaci\ :ézglips, fever, muscle aches, headache, and 71]
Salmonella spp. Bacteria. Fever, headache, abdominal pain, and diarrhea that may be bloody. [8,64,72]
Watery diarrhea, severe abdominal pain, and cramps.
Botulism: abdominal pain, nausea, vomiting, and possible diarrhea, progressive
Clostridium spp. Bacteria. neurological symptoms (diplopia, blurred vision, ptosis, difficulty swallowing, [8,64,72]
muscle weakness), and, eventually, respiratory failure due secondary to paralysis of
the respiratory muscles.
Vibrio sp. Bacteria. Watery diarrhea, abdominal cramps, nausea, vomiting, headache, fever, and chills. [8,64,73]
S. aureus. Bacteria. Nausea, vomiting, abdominal cramps, and diarrhea. [8,73]
Shigella sp. Bacteria. Gastroenteritis associated with fever, al?dommal pain, and diarrhea, possibly bloody 18,71,72]
or with mucus.
A . Intestinal disorders: vomiting, abdominal pain, fever, nausea, and malaise. g
eromonas sp. Bacteria. . 3 . X . . . . [8,74,75]
Extraintestinal infections (wound, soft tissue, lung infections, or sepsis).
P. shigelloides. Bacteria. Gastroenteritis, spontaneous diarrhea, septicemia, and meningitis. [76]
E. coli Bacteria Acute stomach cramps, bloody diarrhea, and nausea. May also present as 18,71]
(pathogenic). ' non-bloody diarrhea or be asymptomatic. Kidney damage. !
Enterocolitis—abdominal pain.
Yersinia spp. Bacteria. Prolonged diarrhea—complications such as reactive arthritis, Reiter’s syndrome, [44,77]
myocarditis, and glomerulonephritis.
Norovirus. Virus. Diarrhea, nausea, vomiting, stomach cramps, headache, and fever. [8,64,71,78]
Hepatitis A virus. Virus. Fever, anorexia, nausea, vomiting, diarrhea, myalgia, jaundice, abdominal [8,64,78,79]
tenderness, hepatomegaly, or splenomegaly.
Hepatitis E virus. Virus. Fatigue, nausea and vomiting, loss of appetite, abdominal pain, darker urine, and [80-82]

yellowing of eyes and skin.
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Hazard Type of Hazard/Causal Agent Category Clinical Signs Source
Chemical
Antimicrobials Antimicrobial resistance, metabolic disorders, poisoning, genotoxicity, 12,8,47,83,84]

] Environmental pollutants. Waste from carcinogenesis, anemia. and allergies. T

Hormones veterinary and aquaculture activities. Endocrine disruptors. Precocious puberty, increased bone age, negative effects on [47,85,86]
’ growth, modification of sexual characteristics, and carcinogenicity. T
Heavy metals. Environmental pollutants Effects depend on the metal accumulated in the body, the degree of exposure
Antimony, strontium, aluminum, nickel, arsenic, Proguce db § natural henon?ena and . (quantity, frequency, and duration), gender, and age. Neurotoxicity, immunotoxicity, [8,30,47,80,87,88]

cadmium, lead, mercury, and selenium. anthropogen}ilc and infustrial activities cytotoxicity, hormonal disruption, renal and cardiovascular effects, and carcinogenic (A

Plastics.

effects.

Environmental pollutants. Product of
anthropogenic and industrial activities.

Risk of oxidative stress, modification of gene expression, endocrine disruption,
immunological responses, genotoxicity, transgenerational effects, neurotoxicity,
reproductive abnormalities and behavioral abnormalities, and carcinogens.

[30,81,89-92]

PCB, PAHs, and dioxins.

PCBs: polychlorinated biphenyls. PAHs:

Environmental pollutants. Product of
anthropogenic and industrial activities.
PAH for smoked fish.

Carcinogenic. Damage to liver and reproductive, immune,
cardiovascular, and endocrine systems.

[8,30,47,80,81,93-96]

: polycyclic aromatic hydrocarbons.



Appl. Sci. 2025, 15, 11447

10 of 34

6. Cases of Foodborne Illnesses in Mexico Due to Consumption of Fish
and Fish Products

Fish has several nutritional benefits, and Mexico’s government encourages the con-
sumption of fish and seafood, because the per capita consumption is less than 13 kg/year,
while the recommended intake to maintain a healthy lifestyle is at least 16.5 kg/year. How-
ever, to take advantage of the nutritional benefits of fish, it is necessary to consider the
potential risks of illnesses associated with the presence of various hazards [97].

In several Latin American countries, outbreaks of foodborne illnesses are subject to
mandatory reporting to generate an information system that provides prevention and
control measures for these diseases [98]. Nevertheless, information regarding foodborne
illnesses and contaminants may be insufficient and difficult to analyze. Passive surveil-
lance systems are often inadequate or deficient due to various factors, such as (a) patients
avoiding or not seeking medical attention in a population that does not like to go to the
doctor for health incidents with gastrointestinal clinical manifestations (diarrhea), because
they are considered transient in nature, meaning that patients wait for the process to end
spontaneously, which does not occur in severe cases in infants or older adults [1,98,99];
(b) adequate samples not being collected and sent for culture; or (c) treating physicians not
reporting cases or deaths to public health reference centers for cultural reasons. Alterna-
tively, information on outbreaks is often insubstantial, either because health authorities
lack the capacity or resources for detection, or because diarrheal diseases are endemic and
outbreaks may be less common or obvious than in industrialized countries [99].

Information on foodborne illness outbreaks associated with the consumption of fish
and shellfish and causative agents such as different pathogenic microorganisms is limited
in Mexico [100]. Several cases of foodborne illnesses have been reported and documented,
the causative agents of which are mainly bacteria or parasites (Table 2). It should be noted
that in Mexico, as in other Latin American countries, the consumption of fish and shellfish
frequently involves raw or undercooked preparations such as ceviche or sushi; this, along
with poor hygiene practices and conditions in processing and handling, increases the risk
of foodborne illness [100-102].

Table 2. Cases or outbreaks of foodborne illnesses in Mexico due to consumption of fish contaminated
by various biological hazards.

Place/Time Period Cases Causative Agent Food Implicated Source
Vibrio, Salmonella, Unrefrigerated seafood
Cozumel /1981. 98 and toxigenic dishes served at outdoor [103]
Escherichia coli. buffets.
Federal District (now Mexico Stavhvlococcus Fish and shellfish
City) and other 16 26 outbreaks F; LZ’ oS implicated in 7% of [104]
states/1980 to 1989. ‘ outbreaks.
Durango/1990 to 1999. 8 V. vulnificus. Raw shellfish. [73]
Southern state of Sinaloa in
northwestern Mexico /2003 1230 Vibrio Raw or undercooked [105]
and the end of September parahaemolyticus. shrimp.
2004.
From the southern to the
northern part of 249 V. parahaemolyticus. Seafood. [106]

Sinaloa/2011-2013.
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Table 2. Cont.

Place/Time Period Cases Causative Agent Food Implicated Source
Culiacan, Sinaloa /1991 to 5300 Grathostoma sp. [107]
1996.
Tepic, Nayarit/1988 to 1996. >500 Gnathostoma sp. [107]
Acapulco, Guerrero/1990 to 80 Gathostoma sp. [107]
1996.
Temascal Tuxtepec
g >300 Gnathostoma sp. [107]
Oaxaca/1980 to 1996. Raw or undercooked fish.
Tierra Blanca, Veracruz/1980
to 1996, >100 Gnathostoma sp. [107]
Tampico, Tamaulipas /1990 to 5100 Gathostoma sp. [107]
1993.
Sinaloa, Nayarit and
Oaxaca/1997 to 2001 8367 Gnathostoma sp. [108]
Aguascalientes /1998, 2000. 2 Gnathostoma sp. [109]

Raw or poorly cooked

Acapulco, Guerrero/1993 to freshwater fish, especially

1997. %8 Gnathostoma sp. in the form of sashimi or [110]
ceviche.
Tecualilla, Sinaloa/no time .
period specified in the study: 5 Gnathostoma sp. Raw fish. [111]
Morelia, Michoacén /2010. 150 S. enterzga serotype Shrimp or can.taloupe [112]
Oranienburg. melon drink.

Entamoeba histolytica,
Salmonella typhi,
39 Clostridium, Seafood. [100]
Endolimax nana, and
Entamoeba coli.

Mazatlan,
Sinaloa/2014-2018.

In Mexico, information on qualitative and/or quantitative analyses of pathogenic
microorganisms in fish and fish products marketed for human consumption is limited or
not very accessible, but some studies on the microbiological safety of these products are
available to the population (Table 3 and Figure 1). The “Central de Abastos of Mexico City”
is an important wholesale food market in Mexico, receiving products from every state of
the Mexican Republic and other countries around the world. Located within the Central de
Abastos is the “La Nueva Viga” Market, which sells fish products (65% of the country’s fish
production and a significant amount of seafood). It is the largest fish and seafood market
in Latin America and the second largest internationally, serving as a national commercial
benchmark; various products offered here have been analyzed for microbiological safety,
revealing hazards that compromise product safety and consumer health (Table 3) [113].
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Table 3. Studies on the microbiological safety of various fishery products offered to the Mexican population for consumption in different locations in Mexico.

Place of Production or
Marketing/Year

Product

Microbiological Assessment

Microbiological Specification/Mexican
Standard Applicable to Products

Risk/Recommendation

Source

Mazatléan in the state of Sinaloa
(market and pier)/10 consecutive
weeks; the period is not specified.

Fish filet
(Mugil
cephalus, Scomberomorus sierra,
Coryphaena hippurus).

100% of samples showed contamination by
aerobic mesophiles, with a range of 5.2 to
59Log CFU g L.

Maximum permissible limit: 7 log CFU g~/
NOM-027-SSA1-1993.

It does not pose a risk to consumer
health. Implement good hygiene and
sanitation practices to ensure
food safety.

[114]

Obregon city, Sonora (street
stalls) /June—July 1998.
September—January 2001.

Raw and fresh fish
filet (Mugil cephalus,
Anadara sp.).

V. parahaemolyticus was isolated in 40% of
Mugil cephalus samples, and V. vulnificus was
isolated in 25% of Anadara sp. samples.

Specification only for Vibrio cholerae O1 toxigenic
absent in 50 g/NOM-027-S5A1-1993.

Foods are considered high-risk for
gastrointestinal illnesses. Improve
health education on food handling
and implement quality assurance
procedures.

[73]

Contoy Island, Mujeres Island,
Cancun, Puerto Morelos, Playa del
Carmen, Cozumel Island, Tulum,
Ascension Bay, and Quintana Roo
(market and cooperatives)/July to
October 2008.

Fresh and processed fish (Calamos
pennatula, Caranx crysos,
Epinephelus morio, Haemulon plumieri,
Larimus argenteus, Lutjanus
campechanus, Lutjanus synagris,
Mycteroperca bonaci, Scomberomorus
maculatus, Mugil
curema, Seriola dumerili).

The average presence of S. faecalis was
2 x 108 CFUmL " in fresh fish and
8 x 10° CFUmL ! in processed fish samples;
for S. faecium, it was 1 x 10° CFUmL!in
fresh fishand 7 x 10* CFUmL ™! in
processed fish.

Maximum permissible limit
fecal coliforms: 400 MPNg
/NOM-027-SSA1-1993.

Contamination by pathogenic
bacteria and health risks from
consumption. Implement good
hygiene practices during handling
and processing.

[°]

Old town lagoon, Veracruz (Gulf of
Mexico)/June, August, September,
and November 2001, as well as in
February, March, April, May, and June
2002.

Opysters and fish.

Isolation and detection of V. parahaemolyticus
in 15% of the samples.

Specification for Vibrio cholerae O1 toxigenic
absent in 50 g/NOM-027-SSA1-1993.
The standard does not have a microbiological
specification for V.
parahaemolyticus /NOM-027-SSA1-1993.

Incidence and distribution in aquatic
environments are affected by water
temperature, salt and oxygen
concentrations, interactions with
plankton, and the presence of
sediments, among others. Health
risks from eating fish and shellfish.

[115]

Mexico City, north zone
(street-vended seafood)/May 2004.

Raw oysters, fish ceviche (raw fish
marinated in lemon juice), shrimp
cocktails.

E. coli was present in 25% of samples. The
highest value was 1.1 x 107 CFU g~L. Vibrio
cholerae non-O1/non-0139 was present in
18.7% of samples, Aeromonas hydrophila in
10.4% of samples, and Vibrio parahaemolyticus
in 2% of samples.

Specification for Vibrio cholerae O1 toxigenic
absent in 50 g and fecal coliforms MPN g~!/
NOM-027-SSA1-1993.
Maximum permissible limit for V.

parahaemolyticus: MPN g~! /NOM-242-S5A1-2009.

The standard does not have a microbiological
specification for Aeromonas
sp./NOM-027-55A1-1993 and
NOM-242-SSA1-2009.

Contamination by pathogenic
bacteria and health risks from
consumption. Implement good
hygiene practices during handling
and storage.

[116]

Market of the Tepic City,
Nayarit/between February and
March
2022.

Centropomus robalito
(filet).

100% of samples were contaminated with
aerobic mesophiles in the range of 7.25 x 10°
and 1.41 x 10° CFU g™, and total coliforms
of 1 x 10% and 1.05 x 10° CFU g~!. Salmonella
was present in 16.6% of samples.

Maximum permissible limit for aerobic
mesophiles: 7 log CFU g~!; absence of Salmonella
spp., in 25/ NOM-027-55A1-1993.

Microbiological contamination and
health risks from consumption.
Implement good hygiene practices for
handling and storage.

[117]

Campeche, Champoton, Seybaplaya,
Villa Madero, Isla Arena, and
Sabancuy state of Campeche (fishing
ports)/October to December 2013.

Red octopus.

Presence of V. cholerae, V. parahaemolyticus,
and V. vulnificus in 82% of samples and
Salmonella sp. in 11% of samples. Fecal

coliforms in 4.4% of samples.

Specification for Vibrio cholerae O1 toxigenic
absent in 50 g, absence of Salmonella st., in25g,
fecal coliforms 400 MPN g~/
NOM-029-SSA1-1993.

Regular microbiological quality
contributes to the implementation of
strategies to meet sanitary
specifications during the handling
and processing of fishery products in
order to reduce the risk of
epidemiological outbreaks in
the region.

[118]
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Table 3. Cont.

Place of Production or
Marketing/Year

Product

Microbiological Assessment

Microbiological Specification/Mexican
Standard Applicable to Products

Risk/Recommendation

Source

Hotels located in the golden zone on
the beachfront in Acapulco City,
Guerrero/ April to August 2014.

Raw fish.
Raw fish filet.

Vibrio cholerae non- O1 present in food
supplied in 2 of 14 hotels evaluated.

Specification for Vibrio cholerae non- O1 absent in
50 g/ NOM-242-SSA1-2009.

Health risk. Implement basic
requirements for a food quality and
safety system for hotel restaurants.

[119]

Distribution centers, street vendors,
and small restaurants in Guadalajara
City, Jalisco/1997.

Lutjanus purpureous and
Scomberomorus
sierra.
Fresh fish and ceviche (marinated raw
fish).

11% of ceviche from street vendors and 6%
from restaurants tested positive for V.
cholerae O1. Plate aerobic counts were

6.6log CFU g1, and coliform counts were

4.81log CFU g~ of fish.

Maximum permissible limit for aerobic
mesophiles: 7 log CFU g~!. Specification for
Vibrio cholerae O1 toxigenic absent in 50 g and fecal
coliforms 400 MPN g1 /NOM-027-S5A1-1993.

Food constitutes a health risk, where
temperature abuse and unsanitary
conditions during handling and sale
contribute to microbial load.

[120]

Supermarkets in Mexico City /the
period is not specified.

Fresh raw oyster (Crassostrea
virginica).

12.9% of samples were positive for hepatitis
A virus and 5.5% for Norovirus.

The standard does not present microbiological
specifications for viruses/NOM-242-SSA1-2009.

Health risks, especially when
consumed raw or undercooked.

[121]

Retail seafood markets in Culiacan,
Sinaloa/October 2010 to January 2011,
March to April 2011, and May 2011.

Fresh and raw
(C. corteziensis).

All samples were contaminated with at least
one species of Vibrio (V. cholerae, V.
parahaemolyticus and V. vulnificus).

Specification for Vibrio cholerae and V. vulnificus
absent in 50 4g,
V. parahaemolyticus: 10* MPN g1/
NOM-242-SSA1-2009.

Health risks from raw or
undercooked food consumption.
Establish and enforce food
monitoring and inspection programs.

[122]

10 different municipalities in the state
of Sinaloa/January 2008 to December
2009.

Raw products, seasoned shrimp,
clams, squid, mixed seafood, shrimp,
rays, oysters, octopus, and fish.

17% of the samples showed fecal coliforms
above permissive levels for human
consumption; diarrheagenic E. coli detected
in 10.8% of the samples.

Fecal coliforms 400 MPN g~/
NOM-242-SSA1-2009.

Low risk of foodborne illness for the
general population or tourists.

[123]

Street vendors, supermarkets, and
retail markets in Reynosa,
Tamaulipas/September to November
2017.

Raw shrimp.

Presence of Vibrio spp. 59.1%, V. cholerae
17.8%, V. mimicus 6.7%, and V.
parahaemolyticus in 4.6% of samples.

Specification for Vibrio cholerae and V. vulnificus
absentin 50 g,
V. parahaemolyticus: 10* MPN g~1/
NOM-242-SSA1-2009.

Potential risk to consumer health, as
Mexican cuisine sometimes serves it
raw or semi-cooked. It is necessary to
review the microbiological food
surveillance programs of government
health agencies.

[124]

Local markets in Mexico City/2002.

Frozen tilapia
(Oreochromis niloticus).

Isolation of Aeromonas spp., strains.

The standard does not have a microbiological
specification for Aeromonas
sp./NOM-027-SSA1-1993.

Incidence of Aeromonas spp. in frozen
fish intended for human consumption,
which can be a vehicle for disease.

[125]

Main cities of 14 municipalities in the
state of Sonora/ April to October 2011.

Crustaceans, mollusks, and raw and
ready-to-eat fish.

Detection of Vibrio mimicus in 12.2% of total
simples.

The standard does not have a microbiological
specification for V.
mimicus /NOM-242-SSA1-2009.

The presence is multifactorial
(environmental conditions, handling,
cross-contamination, and others) and

poses arisk to the health of
consumers.

[126]

29 aquaculture farms in the state of
Sinaloa/November 2011 to
May 2014.

Tilapia.

Total coliforms and fecal coliforms were
detected in 64% and 48% of the samples, with
average values ranging from 6.9 x 10% to
8.3 x 10%, and from 8.5 x 10! to
8.4 x 10? CFU g~ !, respectively; aerobic
mesophilic bacteria were detected in 90% of
the samples, with average values ranging
from3 x 10°t03.9 x 10° CFU g™ L.

Maximum permissible limit for aerobic
mesophilic bacteria: 7 log CFU g~ Fecal
coliforms 400 MPN g~ /NOM-027-S5A1-1993.

Various samples were out of
compliance with regulations.
Attention should be paid to fish
handling on farms to ensure
product safety.

[127]

Freshwater fish used in subsistence
fisheries in the state of
Jalisco/February—April and July,
September, and October in 2015.

Fresh meat of Oreochromis sp., Lepomis
macrochirus, Cyprinus carpio, and
Carassius auratus.

Isolation of Pseudomonas sp., Shigella sonnei,
Escherichia coli, and Bacillus subtilis from most
fish, as well as Citrobacter freundii and E. coli.

Fecal coliforms 400 MPN g1/
NOM-242-SSA1-2009.
The standard does not have a microbiological
specification for Pseudononas sp., Shigella sonnei,
Bacillus subtilis, and Citrobacter freundii

Health risks from products for human
populations that depend on rivers for
their food.

[128]
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Table 3. Cont.

Place of Production or
Marketing/Year

Product

Microbiological Assessment

Microbiological Specification/Mexican
Standard Applicable to Products

Risk/Recommendation Source

“La Nueva Viga” Market in Mexico
City/ August 2017 to February 2018.

Fish and seafood, fresh and raw.

High presence of V. parahaemolyticus (28%), V.
alginolyticus (27%), V. mimicus (23%), and V.
vulnificus (21% of samples).

Specification for Vibrio cholerae and V. vulnificus
absent in 50 g, V. parahaemolyticus: 10* MPN g~
The standard does not have a microbiological
specification for V. mimicus and V.
alginolyticus /NOM-242-SSA1-2009.

Surveillance programs by health
regulatory agencies should be
improved to reduce the risk of illness
from consuming raw or undercooked
seafood, given that the market is a
national commercial hub and supplies
convenience stores, retailers, and
restaurants.

[113]

Public markets of San Francisco de
Campeche City, Campeche/
six months.

Raw shrimp and
octopus.

Presence of Salmonella sp. in 45% of octopus
samples and 55% of shrimp samples.

Absence of Salmonella sp.,in 25 g/
NOM-242-SSA1-2009.

Health risks to the population.
Implementation and monitoring of
good hygiene practices in the
processing and handling of products.

[129]

Veracruz Reef System/dry seasons
(April to June), rainy seasons (July to
September), and windy seasons
(October to March).

Fresh octopus, octopus packed in ice
(Octopus insulares).

High levels of total coliforms around
853 MPN/
100 g and fecal coliforms of 818 MPN /100 g
in marketing stages.

Fecal coliforms 230 MPN /100 g/
NOM-242-SSA1-2009.

Strengthening good hygiene and
handling practices and conditions
throughout the production chain to
improve food safety.

Popular area of San Luis Mextepec,
state of Mexico/June and July 2023.

Fresh filet
(Cyprinus carpio) and frozen shrimp.

Aerobic mesophilic bacteria were found in
100% of samples ranging from 11,050 to
26,400 CFU g~ ', while 100% of samples had
total coliforms ranging from 275 to 18,450
CFU/g, and 50% of fish and shrimp samples
were positive for Salmonella sp.

Maximum permissible limit for aerobic
mesophilic bacteria: 71og CFU g1/
NOM-027-SSA1-1993. Absence of Salmonella spp.,
in 25 g/NOM-242-SSA1-2009.

Health risks to the population.
Consumption of raw or improperly
cooked food is not recommended.
Improve hygiene practices in product
handling and preservation.

[131]

Restaurants and street vendors at
Reynosa, Tamaulipas/product
analysis period not specified.

Ceviche
(raw fish meat, marinated).

Presence of Aeromonas sp., Prevotella sp., and
Pseudomonas sp.

The standard does not have a microbiological
specification for Aeromonas sp. and Pseudomonas
sp./NOM-242-5SA1-2009.

The microbial diversity of raw fish
ceviche for human consumption
contains bacteria associated with

health risks due to improper handling
practices.

[132]

Establishments in the city of Telchac
Puerto, Yucatan/July to December
2019.

Raw seafood, marinated without heat,
partially cooked with heat, and
completely cooked with heat.

Vibrio vulnificus was isolated in 28.03% of
samples.

Specification for V. vulnificus absent in
50 g/NOM-242-SSA1-2009.
Cooked meat foods (fish): total aerobic
mesophiles 150,000 CFU g ! and total
coliforms < 10 CFUg-1/NOM-093-55A1-1994.

Raw shellfish, seafood marinated
without heat, and seafood partially
cooked with heat are all potential
sources of illness from Vibrio
vulnificus.

[133]

Establishments in the port of
Chabihau, Yucatan/June 2019 to May,
2020.

Raw seafood, marinated without heat,
partially cooked with heat, and
completely cooked with heat.

Presence of Vibrio alginolyticus in 7.72% of
raw seafood samples, 0.0% in ones marinated
without heat, 7.79% in ones partially cooked
with heat, and 0.0% in ones fully cooked
with heat.

The standard does not have a microbiological
specification for V.
alginolyticus / NOM-242-SSA1-2009.
Cooked meat foods (fish): total aerobic
mesophiles 150,000 CFU g~ ! and total
coliforms < 10 CFU g~! /NOM-093-SSA1-1994.

Raw and partially cooked seafood

poses a health risk. [134]

Pueblo Viejo lagoon, Veracruz/June
2001 to May 2002.

Raw fish.

Listeria monocytogenes in 4.5% of fish samples.

Microbiological specification for Listeria
monocytogenes absent in
25 g/NOM-242-55A1-2009.

It represents a risk to the health of the
population.

Municipal market of Tlalnepantla,
State of Mexico/no analysis period
specified.

Raw fish
(Mugil cephalus).

Isolation of 57 bacterial strains, of which
59.6% corresponded to Escherichia coli, 14.05%
to Klebsiella spp., 14.05% to Proteus spp.,
8.77% to Pseudomonas aeruginosa, and 1.76%
to Enterobacter cloacae and Alcaligenes faecalis.

Maximum value for fecal coliforms and/or E. coli
400 MPN g’l /NOM-242-SSA1-2009.

The standard does not present a microbiological
specification for Klebsiella spp., Proteus spp.,
Pseudomonas aeruginosa, Enterobacteria cloacae and
Alcaligenes faecalis.

Health risk from consumption of raw
product or after inadequate cooking
times and temperatures.

[136]
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Table 3. Cont.

Place of Production or
Marketing/Year

Product

Microbiological Assessment

Microbiological Specification/Mexican
Standard Applicable to Products

Risk/Recommendation

Source

Food sold in establishments in the
state of Veracruz (11 health
jurisdictions)/2016.

Precooked seafood, fish, crustaceans,
cephalopods, and fresh bivalve
mollusks.

Presence of E. coli, fecal coliforms, S. aureus,
Salmonella spp., and Vibrio cholerae non-O1.

58% of precooked seafood samples, 34.48% of fish,
29.63% of crustaceans, 33.33% of cephalopods,
and 70.83% of mollusks were out of specification
to the health standard /NOM-093-SSA1-1994.

Health risk to the population due to
consumption of products.

[137]

Street food in the state of
Tabasco/2003.

Cooked fish, raw fish of various
varieties (carp, tilapia, and sea bass),
and shrimp cocktail.

14% of samples showed contamination by
Vibrio cholerae. The shrimp cocktail presented
counts above 150,000 CFU of aerobic
mesophiles.

Maximum value for total aerobic
Mesophiles: 150,000 CFU g~/
NOM-093-S5A1-1994.

Risk to the health of the population.
Improve hygiene measures in food
processing to reduce contamination.

[138]

Local markets and supermarkets in
Puebla City, Puebla/
unspecified period of time.

Vacuum-sealed
tilapia filets.

Thirteen bacteria were isolated and identified
in samples: 15.38% were non-pathogenic
bacteria, 46.2% were pathogenic, and 38.5%
were opportunistic pathogens.

Maximum value for fecal coliforms: 400 MPN g~1;
and S. aureus 1000 CFU g~/
NOM-242-SSA1-2009.

Despite the presence of bacteria, the
microbial load is within the
specifications established in

NOM-242-SSA-2009. Good handling

practices and hygiene conditions are

implemented. Health risk for
non-immunocompetent people.

Nine aquaculture farms in the
northwest region of the State of
Chihuahua/winter 1999 and summer
2000.

Fresh fish
(Oncorhynchus mykiss).

Presence of total coliforms with means of 2.88
and 3.98 MPN mL~! and aerobic mesophiles
with means of 398.11 and 19,498.45 CFU g’l.

Maximum value for total aerobic
mesophiles log 7 CFU g~! and maximum value
for fecal coliforms: 400 MPN g~/
NOM-027-55A1-1993.

The trout produced in this area have
good microbiological quality.

[140]

MPN: Most Probable Number. CFUs: Colony-Forming Units.
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Figure 1. Geographic location of states of the Mexican Republic where microbiological evaluations of fish and fish products have been carried out according to



Appl. Sci. 2025, 15, 11447

17 of 34

In Table 3, it can be seen that the Mexican states where studies have been conducted on
food that is offered to the population are generally those close to coastlines. In northwestern
Mexico, facing the Pacific Ocean, are the states of Sinaloa, Sonora, Nayarit, Jalisco, and
Guerrero. In the Gulf of Mexico area are the states of Veracruz, Campeche, Tamaulipas,
Yucatan, and Tabasco. In the Caribbean Sea area is the state of Quintana Roo. In northern
Mexico is the state of Chihuahua, and finally, there are central states such as the State
of Mexico, Puebla, and Mexico City. There is a trend toward microbiological evaluation
of fish and mollusks, focusing on bacteria of the genera Vibrio sp., Salmonella sp., and
Listeria monocytogenes, as well as typical microbiological indicators such as coliforms and
aerobic mesophiles. Likewise, the high risk of illness from consuming these foods raw or if
inadequately cooked is highlighted, also emphasizing the need to implement or reinforce
good hygiene practices in the handling and preparation of such foods. Furthermore, some
studies point to the importance of food safety in terms of the presence of hazards such as
viruses, Pseudomonas sp., or Aeromonas sp., which—although Mexican legislation on the
safety of these products does not specifically address them—necessitates updating said
legislation to strengthen health surveillance of these products.

7. Prevention of Foodborne Illnesses

Foodborne illnesses can occur anywhere, although they are most prevalent in areas
with poor hygiene and sanitation practices and in overcrowded conditions [16]. Foods
with high nutritional value, such as those of an animal origin (fish and shellfish), are also at
the highest risk for foodborne illness. The increasing incidence of food- and waterborne
illnesses calls for actions to ensure the quality and safety of food that is available and
marketed to the population [141].

Throughout the production and final sale chain, fresh or processed fish for consump-
tion can become contaminated with a variety of physical, chemical, or biological hazards
that compromise its safety. Figure 2 shows the stages of production and potential contam-
inating hazards of fish filets, one of the most widely marketed fish products for human
consumption. Freshly caught and farmed fish and shellfish may harbor pathogenic bacteria,
but when these products are properly cooked, the health risks to consumers are low [42].
However, hygiene conditions and practices for the preservation and handling of these
products should be considered after cooking.

While the process of cooking fish reduces or eliminates biological risks, factors such
as the cooking method (smoking, grilling, roasting, frying, etc.), cooking time, and tem-
perature should be considered important, as inadequate control has been linked to the
formation of hazardous chemicals (heterocyclic amines, polycyclic aromatic hydrocarbons,
and advanced glycation end products) associated with various diseases, including can-
cer [142-144]. Therefore, the population should be encouraged to control the cooking
method, time, and temperature, as well as to adopt better diets, alternative cooking meth-
ods, and culinary preparations, to reduce the chemical health risks associated with the
processing and consumption of fish [143,144].

Thus, the safety of fish and fish products depends on the application of a series of
production conditions and practices and systematic control of critical points throughout the
food chain (primary production, preservation, handling, processing, and marketing) [80,145].

Health agencies and the food industry traditionally rely on three basic strategies for
monitoring microbial contamination in food. These strategies involve staff education,
facility and operations inspections, and implementation of microbiological analyses. The
aim is to improve our understanding of the causes and effects of microbial contamination
and assess facilities, operations, and compliance with hygienic handling and product
requirements and practices [46]. However, these strategies have limitations and deficiencies,
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which is why it is necessary to use other tools to guarantee the safety of fish and fish
products, such as the implementation of the Hazard Analysis and Critical Control Points
(HACCP) system, which is one of the main requirements for the production and marketing
of products to high-value markets [10,15,46,61,144]. To ensure the functioning of the
HACCEP system, it is also necessary to initially implement a series of requirements such
as good aquaculture and fishing practices, Good Manufacturing Practices (GMPs), and
Standard Sanitation Operating Procedures (SSOPs) [10,15,61,145,146].
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Figure 2. Flowchart of the production, preparation, and retail sale of fresh, chilled fish filets and the various contamination hazards in the production chain [147].

A Tncludes veterinary drug residues, fuels, oil, and cleaning and disinfecting agents. A Metal or glass fragments, sand, shells, and spines.
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One of the main prevention mechanisms is to provide health education for the popula-
tion. It has been indicated that to minimize the risk of disease by contaminating microorgan-
isms, the recommendation is to avoid the consumption of fish or fish products in a raw state
or if subjected to inadequate hygiene, conservation, and cooking conditions [8,49,61,64].
Additionally, immediate application at refrigeration temperatures (<4.4 °C) or freezing
(£-18 °C) after capture and post-mortem is necessary to preserve its quality and reduce
spoilage and health risks [47,49]. For biotoxins and chemical contaminants, such as heavy
metals, the control methods are to monitor and ban fishing activities in areas where they
are located, and to reduce the presence of antibiotics, good practices must be applied in
aquaculture production [47]. Likewise, the World Health Organization (WHO) and the
United States Food and Drug Administration (FDA) have established and disseminated
information to the population regarding key ways to maintain health through food safety,
which involve maintaining cleanliness (hand washing), separating raw and cooked foods,
cooking thoroughly, maintaining food at safe temperatures, and using safe water and raw
materials [148,149].

8. Food Legislation: Mexico

Operations focused on the safety of the entire food chain in Mexico are the responsi-
bility of different government entities, such as the Ministry of Health (SSA—acronym in
Spanish) and the Ministry of Agriculture and Rural Development (SADER—acronym in
Spanish). The Ministry of Health focuses primarily on processed foods, food services, and
municipal slaughterhouses, with actions carried out through the Federal Commission for
the Protection Against Sanitary Risks (COFEPRIS—acronym in Spanish), while SADER is
primarily concerned with food safety in primary production, carrying out actions through
the National Service for Agrifood Health, Safety, and Quality (SENASICA—acronym in
Spanish) [150]. The Federal Consumer Protection Agency (PROFECO—acronym in Span-
ish) is an entity coordinated by the Ministry of Economy whose function is to protect
and defend consumer rights, foster a culture of responsible consumption, and provide
timely and objective information for consumer decision-making, like information from
high-quality studies on products for human use and consumption [151].

The regulatory framework for food safety in Mexico comprises Article 4 of the Consti-
tution (right to health protection), the General Health Law, and the Federal Law on Animal
and Plant Health, which establish general requirements, including food safety inspections
and controls. The aim is for the regulation and health control of products and services to
regulate, control, and promote health in the processing, import, and export of food, as well
as in food-related activities, services, and establishments. In addition, there are two types
of standards: 1. the mandatory “NOM” and 2. the voluntary “NMX” [150]. Standards are
considered the basis of the regulatory framework, a legal and technical tool that specifies
how to comply with the laws and regulations associated with each element of the food
value chain (production, processing, storage, distribution, sale, and labeling).

Aquatic food production activities such as fishing and aquaculture are considered to
generate and meet the demand for foods with high nutritional value and good affordability
in the face of a constantly growing population; therefore, the requirements for these
products in terms of quality and safety have been increasing [152]. Fish in Mexico is
subjected to control, surveillance, and regulation regarding the safety of fresh or processed
products marketed in various presentations (frozen, cured, fresh, canned, semi-preserved,
and others), using a variety of standards (NOM and NMX) within the regulatory framework
(Table 4).

Likewise, the SSA, through the COFEPRIS, presides over, coordinates, and monitors
compliance with the Mexican bivalve mollusk health program to guarantee the sanitary
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quality of these products. It has established a technical guide with the requirements for

harvesting areas, harvesters, processors, and marketing departments, established in official
Mexican standards to safeguard public health (NOM) [153].

Table 4. Various Mexican standards developed for and applied to the regulation, control, health

surveillance, and quality of fishery or aquaculture products intended for human consumption

in Mexico.
Standard NOM/NMX Product Aspects Involved Source
Fishery products. Fresh, Definitions. Classification. Sanitary
NOM-027-SSA1-1993 chilled, and frozen fish. specifications: physical, chemical, and [154]
Sanitary specifications. microbiological.
Testing methods and sanitary specifications for
Fresh, chilled, frozen, and microbiological and physicochemical
NOM-242-SSA1-2009 processed fish products. contaminants. Hygiene handling criteria. [155]
Sanitary specifications. Permissible temperatures for refrigeration and
freezing.
Hygiene and sanitation Sanitary provisions for personnel, utensils, and
N0 . practices in the preparation of ~ facilities that must be met in the preparation of
NOM-093-55A1-1994 food offered in permanent food offered in permanent establishments. [156]
establishments. Microbiological specifications for products.
Good hygiene practices. Cleaning and
Hygiene practices for disinfection. Storage. Control of operations and
NOM-251-SSA1-2009 processing food, beverages, or raw materials. Food handling personnel. [157]
food supplements. Implementation of the Hazard Analysis and
Critical Control Points system (HACCP).
Establishes the application of
a risk analysis and critical . . - .
NOM-128-55A1-1994 point control system in the Good hyglene prac t‘1ces. Apphcatlon of the risk [158]
. . . analysis and critical point control system.
industrial plant processing of
fishery products.
Water for human use and . . . . .
NOM-127-SSA1-2021 consumption. Permissible Physicochemical and microbiological health [159]
g . specifications. Test methods.
limits for water quality.
Waterand cfos uman S cntl o pter e o
NOM-201-55A1-2015 consumption, packaged and . sumption. Thysico . [160]
in bulk microbiological specifications. Conformity
' assessment procedure.
General labeling specifications
for prepackaged foods and General labeling specifications for prepackaged
NOM-051-SCFI/SSA1-2010 non-alcoholic beverages. foods and non-alcoholic beverages. Commercial [161]
Commercial and health and health information.
information.
NOM-235-SE-2020 Pre-package.d tuna and Specifications—Commercial information and test [162]
bonito. methods.
Applies to permanent establishments dedicated
to handling food and beverages in all phases:
Foods—hygienic handling in reception, storage, preparation, and service.
NMX-F-605-NORMEX-2018  the service of prepared food to  Establishes the provisions for good hygiene and [163]
obtain the “H” distinctive. sanitation practices that food and beverage
service providers must comply with to obtain
the “H” accreditation.
P products g PP el led s v
NMX-FF-032-SCFI-2001 fresh fish P ' & ) [164]

filets—specifications.

quality grade. Physicochemical, microbiological,
and sensory specifications.
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Table 4. Cont.
Standard NOM/NMX Product Aspects Involved Source
Fishery Classification and designation. Specifications.
NMX-FF-003-5CFI-1994 products—fresh-frozen squid. Sampling. Test methods. [165]
Applies to frozen fish filets that are produced
NMX-F-536-SCFI-2004 Flsh.productsffro'zen fish and Iparketed'. Classification. Tes'tmg methgds. [166]
filet—specifications. Physicochemical, sensory, and microbiological
specifications.
P producs e £ e ommerdl qully e of
NMX-FF-002-SCFI-2011 freshwater elrge . sumpton. [167]
fish—specifications classification. Physicochemical, sensory, and
’ microbiological specifications. Testing methods.
For specialized or prepared products marketed
Fish products—canned with a sardine content exceeding 50% of the net
NMX-F-179-SCFI-2001 b S contents of the package. Sensory, [168]
sardines and similar fishes. . . > . g
physicochemical, and microbiological
specifications. Test methods.
Fish prOd}lOC:Sh—ufg;)g products Classification and designation. Sensory,
NMX-F-220-SCFI-2011 . physicochemical, and microbiological [169]
use—fishery—canned tuna e
. T . specifications. Test methods.
fish and similar fishes in oil.
Fishery products—canned Minimum quality characteristics applicable to
NMX-F-363-SCFI-2001 shrimp in the product to ensure that it is suitable for [170]
brine—specifications. consumption.
Fishing
NMX-F-535-1993-SCFI products—fresh-frozen Specifications. Quality assessment. [171]
octopus.
Fishery products—fish meat
NMX-F-546-SCFI-2011 content in frozen Sensory characteristics, sampling, test methods. [172]
breaded products.
NMX-F-553-1999-SCFI Fish products—canr}e.d f1§h in Deflmtlons.. Quality level. Packaging, p.ackagmg, [173]
tomato sauce—specifications. labeling, storage, and transportation.
NMX-F-472-SCFI-2001 Fish products'ffr(')zen Minimum quallty 'Char?cterlstlcs for the pr'oduct [174]
lobster—specifications. to ensure that it is suitable for consumption.
Fish products—canned Classification and designation. Specifications.
NMX-F-485-SCFI-2011 octopus in its Sampling. Test methods. Packaging, packing, [175]
ink—specifications. and labeling.
. . Classification and designation. Specifications.
NMX-F-506-SCFI-2004 Fishery Products—'quefi and Sampling. Test methods. Packaging, packing, [176]
salted fish—specifications. .
and labeling.
Fish products—tuna fish
e : packed in retort—commercial Classification and designation. Process.
NMX-F-524-5CFI-2011 information and Specifications. Sampling. Test methods. (1771
specifications.
NMX-F-540-SCFI-2011 Fishery products—freshness Sampling and sensory evaluation of fish and [178]

determination—test method.

mollusks.

Additionally, Mexico has a significant number of trade agreements with other countries

or regions around the world. It is an emerging economy and a huge market for food

consumption, both for its population and tourists (mainly from Colombia, the United

Kingdom, Argentina, Canada, and the United States), as well as for people in other parts of

the world, as it is also a food exporter [150,179].

Fishery products are subject to United States of America (US) and European Union

(EU) food safety policies and systems, as these represent destination markets for Mex-
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ico [150,180]. For the European Community, the regulatory framework consists of Regula-
tion 178/2002, which establishes the general principles of food safety and the obligation
of traceability for all foodstuffs [181]. Regulation 852/2004 on foodstuff hygiene sets gen-
eral hygiene requirements for food business operators, indicating that they are primarily
responsible for food safety, as well as guaranteeing food safety throughout the food chain
and the general application of procedures based on the principles of Hazard Analysis and
Critical Control Points (HACCP) [182]. Regulation 853/2004 shows specific hygiene rules
for food of an animal origin and specifies the sanitary, transport, storage, and packaging
standards for fishery products [183]. Regulation 2017 /625 focuses on official controls and
other official activities that are performed to ensure the application of food and feed laws,
rules on animal health and welfare, and plant health and plant protection products [184].
Regulation 1881/2006 defines maximum levels for certain contaminants in foodstuffs [185],
and Regulation 2073 /2005 sets microbiological criteria for foodstuffs [186]. Finally, Regula-
tion 2074 /2005 establishes visual inspection guidelines for parasites, limits for total volatile
basic nitrogen, and analysis methods for fishery products [187].

In the United States of America, there are different regulatory agencies, such as
the Food and Drug Administration (FDA), which is the regulatory agency that ensures
that the supply of fishery products is safe, hygienic, healthy, and with correct labeling
and provides guidance on hazards and controls in fish and fishery products, including
the implementation of HACCP systems [188]. The National Oceanic and Atmospheric
Administration (NOAA) of Fisheries establishes policies and regulations for fishing and
aquaculture activities [189].

The Department of Agriculture (USDA) is responsible for programs and services
related to rural development, livestock, agriculture, and food safety through the Food
Safety and Inspection Service (FSIS) [190]. The regulatory framework is made up of the
code of federal regulations that presents the general and permanent laws of the country,
which contain 50 titles, including Title 21 Chapter 1, Subchapter B, Part 123, referring to
foods such as fish and mollusks; Section 123.5, referring to good manufacturing practices;
Section 123.6, which refers to the HACCP system; and Section 123.11, which refers to
sanitary control procedures; all of these are regulated by the FDA. Meanwhile, Title 9
Chapter II, Subchapter F, involves the mandatory inspection of fish of the Siluriformes order
and derived products, which is regulated by the FSIS and USDA [191].

9. Conclusions

Fish and fish products are staple foods in the human diet due to their nutritional
properties, availability, and low costs. However, these foods are highly susceptible to
spoilage and microbiological contamination, compromising their shelf lives and safety and
leading to foodborne illness.

Microbial contamination of fish and fish products can occur throughout the food
chain, primarily due to inadequate or poor hygiene conditions and practices. Therefore,
all participants in the food chain, from producers, processors, and marketers to the final
consumer, are jointly responsible for the safety of fish and fish products.

Foodborne illnesses, such as fish-borne illnesses that can be attributed to pathogenic
microorganisms, are frequently linked to the consumption of raw or improperly cooked
products, coupled with unhygienic conditions and practices prior to consumption.

In Mexico, gastrointestinal illnesses occupy an important place on the public health
agenda, where various causative agents have been associated with fish products. Fishing,
aquaculture, and processing activities in Mexico generate a variety of products for human
consumption. Nevertheless, these products can be vehicles of various biological hazards,
such as bacteria and toxins, that may compromise the population’s health, leading to
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illnesses. Although these foods are subject to national and international health regulations
(in cases of export), the wide diversity of products and locations for domestic acquisition
and consumption makes surveillance coverage by health authorities to ensure compliance
with the regulatory framework challenging.

A limitation in the development of this study was the availability of or access to reports
of cases or outbreaks of diseases due to the consumption of fish and fish products, as well
as the microbiological assessment of products in Mexico, possibly due to factors such as
passive surveillance, underreporting, or a lack of uniformity in the analytical methods used.
This led to a wide-ranging search for available information on fish-borne diseases caused
by microorganisms, as well as information on the microbiological evaluation of products
intended for human consumption.

Surveillance and assessment of the microbiological safety of fish and fish products, as
well as strengthening the regulatory framework, are essential to guarantee the quality of
products that are offered to the population and understand the potential challenges and
strategies for protecting public health. Several actions remain to be carried out, involving
the main sectors of society (government, industry, the academy, and civil society), and must
be prioritized to ensure the safety of fish and fishery products in Mexico. These actions
are as follows: 1. strengthen active surveillance (to prevent disease cases or outbreaks);
2. increase health promotion (consistent educational and technical efforts, support, and
risk communication, particularly during periods of high consumption such as Lent) to
promote good hygiene and safety practices throughout the production chain; 3. periodically
review and update the regulatory framework (Aeromonas sp., Pseudomonas sp., and others);
and 4. strengthen systematic surveillance of various specific hazards, such as Vibrio sp.,
in coastal, urban, and rural markets, both established and mobile. Reducing cases or
outbreaks of illnesses caused by consumption of fish and fish products involves ongoing
and coordinated action among various food safety regulatory agencies, disease surveillance,
and hygiene education for those who are involved in production, harvesting, processing,
and marketing, as well as the end consumer.
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