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ABSTRACT

Background: Foodborne illness is the effect of consumption of contaminated food which can
carry bacteria, viruses, parasites, chemical residues & toxins or physical hazards and can range
from acute gastroenteritis to invasive infection organ damage neurological disease & cancer.
Ninety-seven report 2018 WHO foodborne disease estimates for the first time in this special
issue, which show that contaminated food is still an enormous global health burden, but with
differential effects between populations and regions. This review addresses two related
questions: how frequently are specific food-safety challenges identified in current global
literature, and what are their direct and indirect pathways to public health?

Methods: A qualitative systematic review following applicable PRISMA 2020 principles (Page
et al., 2021) was conducted and reported. Hazards were then classified into microbial and
parasitic hazards, chemical hazards, antimicrobial resistance and food fraud, climate change and
environmental effects (direct or indirect to human health). This is an opportunity to design risk-
based regulation that targets the hazards that are most threatening to health, while providing
smaller producers and vendors with a degree of leeway in achieving achievable standards. Future
research should increase the evidence from under-represented regions, disentangle climate stress
and chemical exposure impacts, enhance source attribution for AMR and assess interventions in
real market scenarios.

Keywords: food safety; foodborne disease; public health; One Health; antimicrobial resistance;
climate change
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1. Introduction contaminated continues to create a global

Food safety is a scientific discipline that
describes the handling, preparation and
storage of food in ways that prevent
foodborne illness. Hence, it is inextricably
linked to nutrition and food security,
environmental health and public trust. Food
can be contaminated by bacteria, viruses,
parasites, chemical residues, toxins or
physical hazards and cause a wide range
from mild gastroenteritis to systemic
disease, organ damage, neurological disease
and cancer. The2026 WHO foodborne-
disease  estimates show that food

health burden of unprecedented scale and
with highly unequal population/area effect
distributions (World Health Organization
[WHO], 2026a, 2026b). WhyFood systems
are evolving, and this is in turn increasingly
shaping the problem. Globalization provides
larger markets for food but opens new
avenues for contamination or traceability
failure through urbanization, longer supply
chains, more intensive animal production,
informal retail and climates hocks with
higher burden of noncompliance during
trade or in food waste reduction initiatives.
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Hence, the evidence is a systems problem
and not one of single hazard. What we call
food safety failures begin upstream, ripple
through processing and distribution, and are
not visible until illness has set in. Global
climate change has been another culprit, as
earlier global analyses captured a significant
burden attributed to infectious, parasitic and
chemical hazards, telling different stories
with more recent work emphasizing
emerging routes of exposure as well as still
present inequities (Have laaret al., 2015;
Kirketal., 2015; WHO, 2026b). Two broad
questions drive this review: which food-
safety  challenges are consistently
highlighted in the contemporary global
literature, and by which direct and indirect
pathways do they impact public health? And
it is not to statistically aggregate
heterogeneous outcomes Instead, the review
synthesises evidenc e across hazards, food-
system drivers and health consequences to
help to prioritise prevention.

2. Methods

2.1 Review design and search approach

A methodological qualitative systematic
review of literature was performed
following appropriate PRISMA 2020
guidelines for a broad, cross-disciplinary
question (Page et al., 2021). Due to the
definition of hazards, exposure pathways
and health outcomes used in the relevant
literature, the review protocol presented a
thematic synthesis (not a meta-analysis).
This included searches in PubMed and the
institutional repositories of WHO, FAO and
Codex Alimentarius. The last update of the
search was performed in June of 2026. The
search term was the combination of food
safety, foodborne disease, food

contamination, public health, antimicrobial
resistance, climate change, chemical hazards
and food fraud with the word surveillance
and One Health. Budgets associated with
health losses were also calculated across the
burden—outcome table as was outlined in
previous work, and reference lists of larger
burden papers and review articles we
assessed to identify important sources.

2.2 Eligibility and synthesis

You worked out through 2010 English-
language peer-reviewed studies and official
institutional reports only as wider scope
works that were super local, This kind of
approach when talking about adjusted for
global, regional or multi-country food safety
challenges, or results of the mechanistic
explanation to make them clear mechanism
explaining clearly relevant, or at least some
relevance no composite in a single local
environment. The materials consisted of
global burden estimates, reviews, policy
guidance and drivers of food system studies.
The papers excluded addressed only
laboratory methods, single product tests or
local outbreaks that could not be interpreted
more widely. After assessing titles and
abstracts as relevant, the full text of
potentially eligible materials was assessed.
The results gathered were categorized into
microbial and parasitic dangers, chemical
dangers, antimicrobial resistance and food
fraud, climate change environmental change
and direct and indirect impacts on public
health. We wused thematic synthesis to
identify areas of convergence and
uncertainty; no estimate of aggregated effect
was calculated.
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3. Results

3.1 A multi-hazard and multi-stage risk
landscape

The literature reviews have repeatedly
shown that foodborne hazards are associated
with all steps of the farm to consumer chain.
This includes agricultural water, animal
health, feed, slaughter and crop harvesting,
processing hygiene and temperature
management, transport methods as well as
commercial practices of the industry
involved in food preparation at home and
the adequacy of authorities to detect and
respond to an incident. Microbial hazards
are acute, because they immediately cause
outbreaks, but the long read conclusion is
that biological, chemical and governance
risks are intertwined. The updated burden-
of-disease assessment from the World
Health Organization expands the range of
risks to be considered and explicitly includes
both infectious and chemical agents, while
emphasizing food safety as part of a public
health system rather than just an inspection
task (WHO 2026b).

3.2 Microbial contamination and zoonotic

transmission
The most common causes of illness are the
bacteria  salmonella, = campylobacteria,

pathogenic Escherichia coli and Listeria;
norovirus and hepatitis A; food parasites.
The contaminants can come from animal
feces, unsafe water supplies, poor slaughter
hygiene, inadequacy of cooking or a loss of
temperature control in potential evils.
Market ready foods and fresh products may
be of particular concern, as they lack the
final heating step. Enteric pathogens and
parasites remain serious contributors to

Global Burden of Diseases (GBD) and
disabilities, but the patterns vary markedly
regionally Khan et al. Kirk, 2015;
Torgerson, 2015). Especially invaluable are
data from low- and middle-income nations,
since food often comes from informal or
semi-traditional markets that are inexpensive
and socially important, but where
infrastructure and monitoring may be
inconsistent.  This notion of these
arrangements should not be viewed as
inherently unsafe and the target of an
oxyformalist law. However, any effective
programme must contend with practical
constraints: access to water and sanitation,
refrigeration, vendor training and market
design. According to Grace (2015), with
development, the demand for new, animal
and perishable foods becomes dynamic and
the food wvalue chain lengthens. This
underscores the value of implementing
practical controls at critical points instead of
depending only on final product testing.

3.3 Chemical hazards, toxins and chronic
exposure

Chemical hazards are often much less
evident than outbreaks, but can leave lasting
harmful effects. Mycotoxins Pesticide
residues Heavy metals Persistent
environmental contaminants Natural toxins
Migration of substances from food contact
materials Aflatoxins and other related
mycotoxins demonstrate the challenge of
responding to chronic risk: crop stress and
storage dictate fungal contamination, while
health effects are latent, severe and difficult
to attribute on an individual basis. Certain
chemical toxins associated with foods are
also linked to cancer, liver disease, impaired
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development and other chronic outcomes
(Gibb et al., 2015; Wild & Gong, 2010).

A food-safety lens is also needed for the
new  sustainability-oriented  practices.
Converging environmental goals with reuse
of water, valorization of lost food, and use
of recycled packaging materials or
integrated farming methodologies may be
challenged by microbiological, chemical,
and antimicrobial-resistance hazards that are
introduced in design without built-in
controls vis-a-vis physical hazards. As such
FAO (2024) argue that food safety should be
evaluated as a co-equal performance
outcome in circular agrifood systems This is
especially pertinent where polluted land,
water scarcity & sub-optimal monitoring
capacity, intersect.

3.4 Antimicrobial resistance, food fraud
and supply-chain complexity
Antimicrobial resistance (AMR) is an
indirect yet, a serious threat to food safety.
Usage of antimicrobials in animals used for
food and aquaculture may leave resistant
bacteria to passages via food, direct animal
contact, water, waste and the environment.
Food is but one of several pathways; yet it is
a pathway that ties food production directly
into clinical risk. The WHO guidance which
reiterates the need to limit the routine use of
medicines important for human health in
healthy  food-producing animals and
strengthen stewardship across production
systems (WHO, 2017). Consequently, the
optimal response is One Health surveillance
connecting human, animal food and
environmental information rather than just
monitoring residues in final products.

Food fraud is another potential threat:
deliberate business-to-business deception,

product  tampering,  misrepresentation,
substitution and concealment of origin for
pecuniary advantage comes into play
creating potential health risks through
exposures to harmful additives or hidden
allergens Furthermore, Spink and Moyer
describe how food fraud, food safety and
food defense concerns combine when
intentional product modification occurs after
normal control measures (Spink & Moyer
2011), while in complex supply chains poor
motivation of inspectors due to low price
negotiation power, possibly only weak
enforcement and/or a lack of analysis at
critical control points leads digital
traceability to fall short. At the very least
risk based hygiene management and supply
chain transparency (Codex Alimentarius
Commission, 2022; Jaffee et al., 2019).

3.5 Climate change and environmental
pressures

Up to October 2023 (data
dependent).Climate change may aggravate
hazards that are already present and also
introduce new hazards, such as through
effects of temperature on pathogens and
cold-chain integrity, drought on water
supply, flooding on faecal and chemical
contamination of water-borne disease,
humidity on fungal growth and mycotoxin
production. Extreme weather  can
simultaneously hinder inspection, transport,
storage and, household preparation with
contrasting effects of populations and
hazards. Though not deterministic, these
risks serve to highlight the need for climate-
informed food-safety planning, particularly
where  infrastructure, electricity and
laboratory capacity are low (Duchenne-
Moutien & Neetoo, 2021; FAO, 2020).
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Food safety is a system property: risks

Food-system drivers Hazard e:

Climate variability and water stress

Informal markets and weak controls
Urbanization and changing diets

Figure 1. Food-system pathways from
structural ~ drivers  to  public-health
consequences.  Source:  Author-created
synthesis based on the reviewed literature.
3.6 Direct and indirect public-health
consequences

Direct health impacts of hazards are dose-
dependent, and vary from self-resolving
diarrhoeal illness to haematological, hepatic,
renal, neurodevelopmental, reproductive and
even lethal effects depending on exposure
route, host factors, treatment access and
diagnostic delays. Vulnerable populations
include infants and children, people who are
pregnant or postpartum, elderly patients and
patients with an immunocompromised
status. At the same time, emphasis on
diarrhoeal diseases, especially in young
children, can overshadow other debilitating
factors such as chronic parasitic infections,
chemical toxicity and antimicrobial
resistance (AMR) (Havelaar et al., 2015;
WHO, 2026a).

Snack on your favourite flavour of dried
fruit and nut mix, while fatties read
newspaper article headlines about dietary
shift, financial strain, access to healthcare —
appearing as food safety issues playing out
through food security & nutrition — lifestyle
change is embodied in these larger

Microbial and pal
Long, fragmented supply chains —_— Chemical contamit

Antimicrobial
Food fraud and

structures. For the providers meanwhile, the
processors and vendors are also indirectly
disadvantaged creating from financial losses
to reputational harm to lawsuits that are
subsequently diffused via the supply chain.
From the health care perspective, with
preventable escalating burden both on the
side of workers and institutions as the lack
of other options, social others result in
diminished consumer confidence in food
systems that negatively impact diet quality
and health. Such issues pose the challenge
that food safety is only a part of bigger
development issues that transcend its
technical nature, and improvements in food
safety conversely intersects health, nutrition
and equity. Grace, 2015; Jaffee et al., 2019).
4. Discussion

The main conclusion of this review is that
food safety is a system-level property — a
product of the interplay between hazards and
processes through the various governance
and regulatory domains throughout the
supply chain as opposed to an inherent
characteristic of any specific point in the
supply chain. End-product surveillance and
inspection are important, but they represent
a downstream response that needs
supporting upstream interventions (primary

prevention), preparatory measures
(secondary prevention) and responsive
governance  mechanisms.  Food-safety

management needs to be harmonised along
the entire chain from farm-to-fork, including
context-specific ~Hazard Analysis and
Critical Control Point (HACCP)-style
frameworks based on microbiological risk
assessment; efficient laboratory and clinical
networks; very rapid response and outbreak
detection  capacities;  effective  risk

1JDDT, Volume 16 Issue 75s, 2026 Page 794



communication in advance of outbreaks or
effectively immediate once an outbreak

occurs.
The analysis and management of
transdisciplinary food-safety threats,

especially multi-sectoral and interrelated
ones, requires a One Health approach using
integrated surveillance systems and risk
assessments  at  the
environment interface  coupled  with
adequate regulatory and enforcement efforts
to promote the safety of foodstuffs, water
resources, animals. Regulation must be risk-

human-animal-

proportionate — taking account of the scale
and extent of different hazards, as well as
the capabilities of the market players who
have a role to play in providing food
systems: for instance dealing with lower
capacity smallholders and informal traders.
Unlike other groups that are formally
licensed and certified, such as food industry
workers or healthcare practitioners, these
people may thrive better with improved
hygiene infrastructure, access to clean
water/sanitiser/hygienic cooling equipment,

training  capacity  strengthening  and
participatory-based agriculture-specific
instruction.

Future research is needed to generate more
evidence on neglected and LMIC contexts,
the combined effects of multiple climate
change and chemical stressors, and methods
for implementing source attribution of AMR
and chemical hazards. Limitations of this
review, however, include the nature of the
topic we investigated, and its reliance on
published literature which may introduce a
bias towards high income countries studies.
We were also strong in bringing together
evidence across disciplines and geographies

as well as reporting on the outcomes
following an intervention derived from a
loosely consensual process rather than a
pooled quantitative analysis.

S. Conclusion

Food safety issues are very complex which
we see to go beyond microorganisms, we
require a many sided and integrated
approach. Chemical, AMR, food fraud,
climate, and surveillance issues present a
range of health issues from direct to indirect
which we see play out in food systems and
which contribute to short and long term
health issues like morbidity and mortality.
We do better to put in place inclusive,
transparent and participatory governance
which is tied to proper regulation,
surveillance and enforcement also at the
same time we support nutritionally sound,
profitable and sustainable agri food systems.
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