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Abstract

Introduction: Neurodevelopmental disorders (NDDs) such as autism spectrum disorder (ASD) and
attention-deficit hyperactivity disorder (ADHD) are increasingly prevalent in children globally, including
Cameroon. Emerging evidence suggests that early-life exposure to environmental neurotoxins,
particularly mycotoxins, may disrupt brain development and contribute to these disorders.

Objective: This review aimed to assess the potential impact of dietary exposure to neurotoxic
mycotoxins, particularly aflatoxin B1, fumonisin B1, and ochratoxin A, on brain development and the
risk of NDDs in children in Cameroon.

Methods: A comprehensive review of peer-reviewed studies, national reports, and biomonitoring data
from 1993 to 2024 was conducted. Literature on food contamination, mycotoxin toxicology, exposure
levels, and neurodevelopmental outcomes in both humans and animal models was synthesized.

Results and Discussion: Children in Cameroon are exposed to mycotoxins through contaminated
staple foods such as maize and groundnuts, with exposures often exceeding international safety
limits. These toxins can cross the blood-brain barrier and placenta, disrupt key neurodevelopmental
processes (e.g., neuroplasticity, neurogenesis) through various mechanisms such as oxidative stress,
neuroinflammation, mitochondrial dysfunction, and result in behavioral and cognitive impairments.
Animal studies show strong links between chronic mycotoxin exposure and NDD-like symptomes. In
Cameroon, these risks are intensified by poor food storage, weak regulations, and low dietary diversity.

Conclusion: Dietary mycotoxin exposure in children is a serious but underrecognized contributor to
adverse neurodevelopmental outcomes in Cameroon. There is an urgent need for national surveillance,
child-specific risk assessments, stronger food safety enforcement, and public health education to
mitigate exposure and protect vulnerable populations.

Keywords: Neurotoxic mycotoxins, brain development, neurodevelopmental disorders, dietary
exposure, children, Cameroon

Introduction

Neurodevelopmental disorders (NDDs) are a group of brain disorders affecting proper brain
growth and function, characterized by developmental deficits in cognition, language, behavior, and/
or motor skills that cause impairment of personal, social, academic, and/or occupational functioning
[1]. The neurodevelopmental disorders in children are the most prevalent disabilities encountered
in pediatric health services, which include autism spectrum disorder (ASD), attention deficit
hyperactivity disorder (ADHD), intellectual disability (mental retardation), cerebral palsy (CP),
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learning disabilities, neurodevelopmental motor disorders, conduct
disorders, impairment in vision and hearing [2,3,4], with ASD and
ADHD the most common of the NDDs. These groups of disorders
generally affect children in their early life when the brain is still
developing and can persist in adult life. The common symptoms of
NDDs, which are generally observed during a child’s preschool years
(24-36 months), are problems with language and speech, difficulties
with learning, social skills deficits, abnormal behaviors, and impaired
motor skills. The diagnosis of NDDs in children is done through
various tests, including neurologic examination, developmental test,
brain imaging, laboratory test, and physical examination [4].

The development of the brain begins a few days after conception
and continues until adulthood, with a critical period from birth
to early life (0-5 years old). During this period, all the processes
necessary for brain growth and function, such as neurogenesis,
growth of axons and dendrites, synaptogenesis, gliogenesis, and
others, are taking place [4]. Disruption of brain development
by environmental factors such as stress, socioeconomic status,
and diets contaminated with neurotoxins can affect the complete
process, resulting in NNDs. However, the etiology of NDDs has
been extensively based on genetic factors. Environmental factors
have been identified as the major factors that can increase the risk of
NDDs, in some cases by interacting with genetic factors. Children's
brains are more vulnerable to environmental toxicants due to their
limited ability to metabolize and detoxify toxicants [5]. Among the
environmental toxicants with potential effects on brain development
and neurodevelopmental outcomes in children, mycotoxins are
inevitable due to their frequent occurrence on food commodities
consumed by children. The increase in the prevalence of NDDs
in children, such as ASD and ADHD, in developing countries has
gained much attention on the possible role of mycotoxins in brain
development and developmental disorders.

Mycotoxins are secondary metabolites from fungi, which pose
threats to animal and human health, especially to vulnerable
populations such as children. Mycotoxins generally infiltrate the crops
and food commodities during storage, transportation, pre-and post-
harvest conditions, often occurring in developing countries due to
weather, poor management, and inadequate methods of cultivation.
Among the mycotoxins, aflatoxin, fumonisin, and Ochratoxin.
Zearalenone and deoxynivalenol are the common mycotoxins found
in cereals and cereal-based products. According to statistics, 25% of
the world’s agricultural products are contaminated with mycotoxins,
which implies that most of the foods usually consumed by humans
are contaminated, thus raising food safety concerns [6]. Recent
studies have shown that mycotoxin exposure can result in acute or
chronic neurotoxicity and long-term neurodevelopmental disorders

[6-8].

Children in Cameroon face heightened vulnerability to
neurotoxic mycotoxins due to a combination of high consumption
of contaminated staple foods such as maize and groundnuts [9-11],
poor post-harvest handling and storage practices [12], limited
regulatory enforcement of food safety standards [13], and low dietary
diversity among rural and low-income populations [14]. Moreover,
the frequent use of these mycotoxin-prone crops in complementary
feeding for infants and young children significantly increases the
risk of early-life exposure during critical windows of immunity (and
potentially brain) development [15-17]. The situation is further
exacerbated by limited public awareness and inadequate national

monitoring systems, making it difficult to identify and mitigate
exposure risks in vulnerable child populations [18-20].

The primary objective of this study is to critically examine the
potential impact of dietary exposure to neurotoxic mycotoxins on
brain development and the risk of neurodevelopmental disorders
in children in Cameroon. This involved synthesizing available
toxicological, epidemiological, and food contamination evidence
to highlight early-life vulnerabilities, assess exposure sources, and
support the need for child-specific dietary risk assessment and public
health interventions.

Methodology

This review employed a systematic narrative approach to synthesize
current evidence on the impact of dietary exposure to neurotoxic
mycotoxins on brain development and neurodevelopmental
disorders (NDDs) in children, with a specific focus on Cameroon.
Relevant literature was identified through comprehensive searches
of peer-reviewed scientific databases, including PubMed, Scopus,
ScienceDirect,and Google Scholar. Thereviewdid notincorporategray
literature or national reports. Keywords and Boolean combinations
used included: mycotoxins, aflatoxin, fumonisin, ochratoxin A,
neurotoxicity, brain development, neurodevelopmental disorders,
children, Cameroon, dietary exposure, food contamination, and risk
assessment. The search covered studies published between 1990 and
2025. There were no stringent quality standards for article inclusion
in the review.

Inclusion criteria consisted of (1) studies reporting on
the occurrence of mycotoxins in food or biological samples
in Cameroon, (2) experimental studies detailing neurotoxic
mechanisms of mycotoxins, (3) biomonitoring or dietary exposure
assessments relevant to children or maternal populations, and
(4) articles addressing links between mycotoxin exposure and
neurodevelopmental or cognitive outcomes. Exclusion criteria
included non-English articles, studies not involving mycotoxins or

children, and reports lacking sufficient methodological transparency.

The screening process was done manually. Selected literature
was reviewed and categorized into key thematic areas: (1) types
and occurrence of neurotoxic mycotoxins in Cameroon, (2)
molecular and cellular mechanisms of neurotoxicity, (3) exposure
pathways and early-life vulnerability, (4) experimental models of
neurodevelopmental effects, and (5) dietary risk assessments and
public health implications. Quality assessment of studies was based
on sample size, relevance, analytical methods, and risk of bias.

Results and Discussion
Neurotoxic mycotoxins and mechanisms of brain toxicity

Many studies have reported that the neurotoxicity of mycotoxins
such as aflatoxins, fumonisins, and Ochratoxin A, are amongst the
most potent mycotoxins commonly found in staple foods dedicated
to children. Aflatoxins, particularly aflatoxin Bl1, are the most
harmful to humans and are generally found in maize, peanuts, rice,
and nuts, while ochratoxin A is found in cereals and fruits, and
fumonisin B1 is found in cereals and rice [21]. A few studies from
Cameroon by Ediage ez al. [14], and Abia ez al. [11,18,22,23] have
revealed strong co-occurrence of aflatoxins and fumonisins in food
and biological samples, occasionally at levels exceeding legislative
limits and resulting in unacceptable exposure levels among various
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consumer groups. These mycotoxins have a strong affinity with the
brain and can reach the systemic circulation through consumption of
contaminated foods [24]. Mycotoxins induce neurotoxicity through
various cellular and molecular mechanisms, including disruption
of blood-brain barrier, oxidative stress, mitochondrial dysfunction,
neuroinflammation, interference with the neurotransmitter system,
leading to disruption of neuronal growth and synaptic function
[7,25]. Ingestion of various neurotoxic mycotoxins may induce or
serve as a risk factor for various toxicities in the brain by different
mechanisms (Figure 1).

Oxidative stress occurs when there is an imbalance between
antioxidants and pro-oxidants, often resulting in the overproduction
of reactive oxygen species (ROS). The brain is the most susceptible
organ to oxidative stress because of its higher consumption of energy
and oxygen, and its higher production of fatty acid peroxide [26].
Mycotoxins have been reported to alter the antioxidant systems,
including glutathione transferase (GST), glutathione peroxidase
(GPx), catalase (CAT), superoxide dismutase (SOD), and glutathione
reductase (GR); stimulate the production of reactive oxygen species
(ROS) and reactive nitrogen species (RNS), leading to mitochondrial
dysfunction with decrease of mitochondrial membrane potential
(MMP), an increase of the ration pro-apoptotic protein Bax/anti-
apoptotic protein Bcl-2, ATP (Adenosine triphosphate) depletion
[24]. The presence of ROS/RNS can activate the signaling pathways,
including p53, mitogen-activated protein kinases (MAPK), Janus
kinase-signal transducer and activator of transcription (JAK-STAT),
and AKT pathways, leading to apoptosis [24]. Apoptosis is often
a result of oxidative stress with activation of caspase-3 [27]. Some
studies demonstrated that AFB1, FB1, and OTA reduced brain

antioxidant levels, increased the malondialdehyde (MDA) levels,
induced the production of ROS and RNS, and up regulated some
signaling pathways implicated in oxidative stress [6,8,26,28].

Mitochondria play an important role in the generation of metabolic
energy in form of ATP necessary for the cell survival and proper
functioning, disruption of mitochondrial function in the brain result
in the reduction of ATP levels, impairment of all energy-dependent
cellular functions, disturbance of the generation of biosynthetic
precursors leading to neurological and neurodevelopmental disorders
[29]. Exposure to mycotoxins (AFB1, FB1, and OTA) may induce
or serve as a risk factor for the dysfunction of mitochondrial by
targeting some enzymes and complexes within the mitochondria and
regulating mitochondrial respiratory chain proteins. Mitochondrial
dysfunction can also be a result of oxidative stress occurring in
neurons, microglia, and astrocytes [6,26,28,30].

Neuroinflammation plays an important role in the outcome of
neurodevelopmental disorders due to the activation of the immune
system [31]. The presence of mycotoxins in the brain can induce or
serve as risk factor for the activation of the immune cells (microglial,
astrocytes and endothelial cells) through the modulation of toll
like receptors (TLRs), and subsequently the activation of different
signaling pathways with release of inflammatory cytokines (Tumor
necrosis factor-a  (TNF-a), Interleukin-6 (Il-6), Interleukin-
18 (II-1B)), nitric oxide synthase (iNOS) and chemokines. This
inflammatory process exacerbated neuronal damage and chronic
neuroinflammation, with immune cells generally recognizing
mycotoxins as a danger signal [24,32]. Some studies have shown
that AFBI induces neuroinflammatory responses in the brain by
activating various signaling pathways, such as Nucleotide-binding
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Figure 1. Different mechanisms of neurotoxic mycotoxins induce toxicity in a developing brain.
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oligomerization domain (NOD)-like-receptor (NLR) family pyrin
domain containing 3 (NLRP3), TLR2/4, and nuclear factor kappa-
light chain-enhancer of activated B cells (NF-kB), with production
of proinflammatory cytokines and chemokines [8,33]. Additionally,
OTA also induces the release of proinflammatory cytokines TNF-a
and IL-6 [34].

Neurotransmitter systems, including cholinergic, dopaminergic,
glutamatergic, serotonergic GABAergic, and neurotransmitters such
as acetylcholine, dopamine, GABA, serotonin, and norepinephrine,
play a particular role in the central nervous system (CNS), as they
are essential for behavioral functions in the body. Alteration of a
neurotransmitter system, including neurotransmitters as well as
enzymes, results in cognitive and behavioral changes [35]. Mycotoxins
are capable of modifying the metabolism of some neurotransmitters
(acetylcholine, serotonin, and dopamine) and modulating the
cholinergic, serotonergic, and dopaminergic transmission, leading
to an unbalance of neurotransmitters in the brain, affecting
communication between neurons [36]. AFB1 exposure resulted in
the upregulation of acetylcholinesterase, butyrylcholinesterase, as
well as adenosine deaminase, leading to alterations in memory and
cognitive function [37].

Blood-brain barrier (BBB) is a semipermeable membrane barrier
situated between the bloodstream and brain, with the role to regulate
the influx and efflux of exogenous compounds and xenobiotics
into the brain, or biological substances needed for brain metabolic
activity and neuronal function [38]. Some substances, due to their
polarity and size, can easily cross the blood-brain barrier and induce
neurotoxicity. Due to their ability to easily cross blood-brain barrier,
mycotoxins have been classified as a potential neurotoxin and harmful
to the neurological system. They compromised directly or indirectly
the BBB, leading to the other neurotoxicity mechanisms such as
oxidative stress, mitochondrial dysfunction and neuroinflammation
[6]. AFB1, FB1, and OTA are fat-soluble small molecules that can
easily cross the BBB, enter the nerve cells via transporters, and
accumulate in different brain regions [8,39]. In the brain, they can
bind to the cell membrane, causing lipid peroxidation, or bind to
the receptors with activation of the cascade of events and signaling
pathways. Additionally, AFB1 can reduce the levels of L-proline, a
neuroprotective metabolite crucial for maintaining the integrity of

the BBB [40].
Mycotoxin story in Cameroon: occurrences and exposures

Mycotoxin, especially aflatoxins, contamination in staple foods
such as maize and groundnuts poses a major public health concern in
Cameroon [18]. These crops, widely consumed across all age groups,
are highly susceptible to fungal infections by Aspergillus and Fusarium
species, which produce aflatoxins and fumonisins, respectively.
Several studies have documented widespread contamination in both
raw and processed products in Cameroon, and this has been well
reviewed with comprehensive tables of occurrences between 1993
to 2024 [41,42]. Processed foods derived from these staples, such as
maize flour, pap (a fermented porridge), and ‘mboh’/’nnam owondo’
(steamed groundnut pudding), often retain high mycotoxin levels
due to insufficient processing controls [43]. Inadequate drying, poor
storage conditions, and humid climates further promote fungal
growth and toxin production. These challenges are compounded
by limited regulation, weak enforcement, and a lack of awareness
among producers and consumers [18]. Mycotoxin contamination in
staple foods represents a chronic exposure risk, especially for children

and rural households who consume these foods daily. Addressing this
issue requires a combination of good agricultural practices, improved
post-harvest handling, and national-level surveillance programs to
monitor and reduce contamination levels.

Mycotoxin dietary exposure in Cameroon is a serious and under-
recognized public health issue, particularly among vulnerable
populations such as children, pregnant women, and subsistence
farmers. The widespread contamination of commonly consumed
foods, particularly maize and groundnuts, means that chronic
ingestion of aflatoxins and fumonisins is likely in both rural and
urban settings, requiring biomonitoring studies. Urinary mycotoxin
exposure studies from Cameroon have been reviewed by Monono ez
al. [41] except for the recent studies by Abia ez a/ [44] that detected
aflatoxin M1 in 42% of adult urine samples in a range of not
detected-0.21 pg/L. Additionally, the estimated daily intakes for at
least one individual exceeded the tolerable daily intakes for fumonisin
B1, deoxynivalenol, and zearalenone, excluding aflatoxins for which
no TDI is set. Associated health effects have been indicated by
Nguegwouo ez al. [42], including carcinogenic, immunosuppressive,
genotoxic, and neurotoxic.

Based on the existing findings, mycotoxin exposures in Cameroon
are a public health risk. Notwithstanding, Cameroon lacks a
coordinated national surveillance system to routinely assess dietary
intake and contamination levels. Most studies remain localized,
offering only snapshots of the broader exposure landscape. A
systematic approach that combines dietary surveys, food sampling,
and health monitoring is urgently needed to guide public health
policy. Strengthening food safety regulation, public awareness, and
agricultural practices can significantly reduce mycotoxin exposure
and its long-term health consequences [18].

Early-life susceptibility and dietary risk

Children and infants are very susceptible to the adverse health
effects from exposure to environmental toxicants. The postnatal
period is a critical period for the maturation of the immune and
central nervous systems because at birth, these systems are still
immature [45]. Exposure to toxins during the critical period can
interfere with the brain development process, leading to cognitive
deficits and other behavioral changes [6]. For the maturation of
organs and systems, infants and children's bodies need energy,
water, and oxygen, resulting in high food intake. Dietary mycotoxin
exposure can be easily distributed within infants and children and
can reach the CNS as the BBB is not fully developed. Also, due
to the immaturity detoxification systems (enzymes), the presence
of mycotoxins in their body will take time to be detoxified, and
elimination of mycotoxins may be decreased as their glomerular
filtration rate is less than 40% compared to adults and the function
of the renal tubules is less mature [45,46].

A high food intake relative to body weight increases dietary
exposure to contaminants, especially when the amount of food
consumed is disproportionately high compared to body weight. In
Cameroon, high food intake relative to body weight significantly
elevates dietary exposure to mycotoxins, particularly among infants
and young children. Due to rapid growth and higher metabolic
demands, children consume more food per kilogram of body weight
than adults, making them especially vulnerable to contaminants such
as aflatoxins, fumonisins, and ochratoxins commonly found in staple
crops like maize and groundnuts [14,17]. In some communities in
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Cameroon, where food diversity is limited and diets rely heavily
on cereals susceptible to fungal contamination, young children
may ingest mycotoxin levels far exceeding safety thresholds. For
instance, a few studies have reported aflatoxin B1 concentrations,
sometimes co-occurring with fumonisins and occasionally high
levels, in maize, groundnuts, and their by-products, surpassing the
EU regulatory limits [21,23], suggesting substantial exposure risks
through daily consumption. The high ratio of food intake to body
weight intensifies the dose-effect relationship, increasing the risk
of adverse health outcomes such as growth impairment, immune
dysfunction, and early-life liver toxicity [16,47]. These risks are
further compounded by poor storage practices and limited regulatory
enforcement, underscoring the urgency of targeted interventions in
early childhood nutrition and food safety education in Cameroon

[18].

Maternal dietary habits and breastfeeding may indirectly expose
unborn babies and young breastfed children to food contaminants.
This occurs especially when mycotoxins cross the placenta or are
secreted into breast milk due to the mother's consumption of
contaminated foods. In Cameroon, maternal dietary habits and
breastfeeding practices may serve as significant indirect pathways
for early-life mycotoxin exposure. Women of reproductive age

Gestational period

often consume mycotoxin-contaminated staple foods such as maize,
groundnuts, and their processed food products, which can lead to
the transfer of these toxins to infants during pregnancy and lactation.
Aflatoxins, particularly aflatoxin B1 and its metabolite aflatoxin M1,
have been detected in breast milk [48,47], posing a serious risk
to exclusively breastfed infants who's immune and detoxification
systems are still underdeveloped [45]. Two studies from Cameroon
by Chuisseu ez a/. [48] and Tchana ez al. [47] revealed high prevalence
(38%, 16/42; and 2.8%, 3/62) of aflatoxins (mean: 7.4, range: 0.9-
37 pg/L; and range: 0.005-0.625 pg/L) in breast milk respectively
to be directly linked to maternal consumption patterns. This early
exposure is associated with impaired immune responses, stunted
growth, and increased vulnerability to infections during infancy
[16,47,49,50]. The lack of food safety awareness and insufficient
regulation of mycotoxins in local food systems further exacerbate
this risk. Therefore, addressing maternal nutrition through public
health education and improving food quality control are critical
to reducing indirect exposure to mycotoxins in early childhood in
Cameroon.

Children in Cameroon are particularly vulnerable to the toxic
effects of mycotoxins during critical developmental windows, namely
the prenatal period, infancy, and early childhood (Figure 2). During

Outcomes of early
exposure

Post natal period

Ist Trimester

- Neural tube formation
- Brain patterning &cell proliferation
~ Vulnerable to structural malormations

2nd Trimester

i

- Neuronal migration

- Early synaptogenesis
+Vulnerable to miswiring & cortical
Neonatal and Ifant development disruptions
Exposure to Mycotoxins
Brastosding  FomubtedFeeding |:3I‘d Trimester
Kertameated ingecerts;
- Gliogenesis

- Synaptic refinement
- Onset of myelination

~ Vlulnerable to white matter injury,
oxidative stress

Ochratoxin A (FBy)
-Neural tube defects, reduced brain

Mycotoxins affecting brain development

(OUTCOMES OF MYCOTOXIN
Neonatal (0-1month) EXPOSURE
- Rapid synaptogenesis '

- Hippocampal development

r Vulnerable to memory and learning Lower|Q
deficits + Attention deict
« Memory impaireme
| « Behavioural
[Infancy (1-12 months) Bk
- Myelination peaks reniP

- Continued synaptogeness& pruning
r Vulnerable to cognitive & motor delays

Early Childhood (1-5years)

- Executive function development

- Language acquisition

= Vulnerable to behavioral and
language disorders

Cells affected by mycotoxins

‘TODDLER AND CHILDHOOD
EXPOSURE

weight, impaired hippacampal
neurogenests, and altered neurotran-
smitter systems

+Linked to oxidative stress, mitochon-
drial dysfunction, and BBB damage

Aflatoxin B1(AFB1)
- Neurodevelopmental delays, cognitive
deficits, and increased oxidative stress

Fumonisin B1 - Metabolized to gentoxiic epoxides

el S

eur
Axonal degeneton  Inflammatary

response amplifidtion Apurons  GFAP cwrepression.
Apoptosis (reactive gliosts)
chﬁ
Neurons. DNA damage

+Neural tube defects (e,
spina bifida), cerebellar damage,
and behavioral abnormalities

- Disrupts sphingelipid metabolism
(inhibits caramide synthase)

5 Astrocytes  Oligodendryete
dysfunction impaired Redued myleination

) seomectis
A P& T

Altered differotion _ responses
In hormane-sensitive  via estrogenic
areas (og pothatenss  signaling . R

e
Endothelial cells

Demyelination  compromise

Figure 2. Pathways of early-life exposure to mycotoxins and their critical windows of neurodevelopmental vulnerability.
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pregnancy, mycotoxins such as aflatoxins can cross the placental
barrier, exposing the fetus to harmful compounds that may disrupt
cellular development and immune function [50,51]. In regions
of Cameroon where dietary staples like maize and groundnuts are
frequently contaminated, maternal exposure may potentially result
in utero exposure to toxins such as aflatoxin B1 and fumonisins.
After birth, infants remain at risk through contaminated breast milk,
particularly aflatoxin M1, which is transferred from the mother’s
diet [49,50]. This exposure continues into early childhood, a phase
characterized by rapid growth and high food consumption relative
to body weight. Children often consume large quantities of locally
produced unregulated foodstuffs, further increasing their intake of
mycotoxins [17]. Exposure during these vulnerable windows has
been linked to growth faltering, immune suppression, and increased
susceptibility to infections. Some key factors that may make children
more vulnerable to mycotoxins are presented in Table 1. Protecting
children in Cameroon requires early-life interventions focused on
maternal nutrition, safe weaning foods, and improved food safety
policies.

Neurodevelopmental outcomes: linking exposure to disorders

Dietary exposure to mycotoxins remains a threat to human health,
with adverse effects on brain development. To study the possible
link between mycotoxin exposure and neurodevelopmental health
outcomes, various animal models (Table 2) have been used to
observe the possible behavioral changes, like cognitive deficits, motor
and learning impairment after acute or chronic mycotoxin exposure
[52]. Rodents (mice and rats) and zebrafish are the common animal

models used for in vivo studies regarding mycotoxin exposure.
Additionally, zebrafish have been reported as an efficient animal
model to study neurotoxicity in the field of food science [53]. The
effect of mycotoxin exposure on the central nervous system depends
on the type of mycotoxins, the duration of exposure, the dose, and
individual susceptibility [36]. Due to their high affinity with the brain,
aflatoxin B1, fumonisin B1, and ochratoxin A can reach the nerve
cells, inducing neurotoxicity with effects on neurodevelopmental and
functional abnormalities. Several studies using laboratory animals
have shown that exposure to mycotoxins induced oxidative stress,
impairment of antioxidant defense mechanisms, mitochondrial
dysfunction, neuroinflammation, and inhibited neurotransmission
systems leading to learning and memory impairment, impairment
of locomotor, depression, and anxiety-like behavior [33,52,54].
AFBI exposure in zebrafish embryos and larvae showed locomotor
function impairment and disruption of neural development [55].
AFBI exposure in mice and rats revealed the memory and learning
deficits, motor function decline, anxious-depressive-like behavior
with an increase of acetylcholinesterase (AChE) activity in the brain
and monoamine oxidase, and a reduction of antioxidant system
markers [54,56,57]. Another study with OTA showed an increase
in glutathione peroxidase, glutathione-s-transferase, and glutathione
reductase levels and a decrease in non-protein thiol levels in the
zebrafish brain with behavior changes [58]. Additionally, OTA
and FB1 exposure in mice revealed the alterations of antioxidant
state, induction of lipid peroxidation and apoptosis, modulation of
neurotransmitters with behavioral changes [59,60].

Table 1. Key factors contributing to increased mycotoxin susceptibility in infants and young children.

Factor Description

Immature detoxification systems

Reduced capacity of liver enzymes to metabolize and excrete mycotoxins.

High food intake per body weight

Children consume more food relative to body mass, increasing toxin exposure.

Frequent consumption of contaminated foods

Maize-based and groundnut-based weaning foods are common sources of exposure.

Underdeveloped gut barrier

An incomplete gastrointestinal barrier may enhance systemic absorption.

Limited dietary diversity

Low-nutrient varieties may reduce the protective effects of antioxidants or fiber.

Breastfeeding exposure pathway

Mycotoxins can be transferred through breast milk if the maternal diet is contaminated.

Table 2. Summary of experimental studies on the neurodevelopmental effects of aflatoxins, ochratoxin A, and fumonisins.

Mycotoxins Animal model Findings References
AFB1 Wistar rats Neurobiochemical changes (generation of ROS/RNS, mitochondrial dysfunction, [54,56,57]
release of proinflammatory cytokines)
Neurobehavioral changes (memory and learning deficits, motor function decline,
anxious-depressive-like behavior)
Histopathological alterations in some brain regions leading to neuronal structure
and functional impairment
Zebrafish Induces apoptosis via mitochondrial dysfunction, generation of ROS [55]
Impairment of behavior and neurodevelopment during early embryonic stages
Ochratoxin A Mice/rats Alterations of the antioxidant system, modulation of neurotransmitters, [60]
neurobiohavioral changes (cognitive deficit, motor and learning impairment)
Zebrafish Locomotor impairment, alteration in the expression of genes associated with brain | [58]
development
Fumonisins Mice/rats Disruption of neurotransmitter homeostasis and exacerbation of oxidative stress [59,65]
with impairment of spatial memory and learning ability.
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Cereal-based products are of great importance in terms of
mycotoxin exposure as they are especially consumed by infants (from
4 months to 1 year of age) and children (from 1 year of age to 12
years) and are the most contaminated by these toxic compounds,
especially AFs, FBs, and OTA. Dietary exposure to these mycotoxins
can have an impact on growth, the immune system, as well as
cognitive function, with possible outcomes of neurodevelopmental
disorders such as autism spectrum disorder [61,62]. Epidemiological
studies on humans from high-exposure regions about mycotoxin
exposure and neurodevelopmental disorders are scarce. Most studies
done in Cameroon focused on the detection of the presence of
mycotoxins in foods [9,11,47,63,64] and human biomonitoring
analysis on body fluids [14,22,44]. According to Tchana ez al. [47],
infant and young children’s exposure to AFs in their diets contributes
to malnutrition and stuntedness in children.

Dietary risk assessment and health implications

Estimating children's dietary intake of mycotoxins in Cameroon is
essential for assessing health risks and guiding mitigation strategies.
Children are particularly vulnerable due to their higher food intake
per kilogram of body weight and reliance on staple foods such as
maize, groundnuts, and other mycotoxin-prone crops. They may
also be exposed indirectly through their mothers during pregnancy
or breastfeeding. Studies have shown that these staples and breast
milk frequently exceed international safety thresholds, contributing
to chronic exposure in eatly life. Without accurate intake estimation,
it is difficult to assess whether exposure levels exceed safe limits
(which varies per mycotoxins, matrix, exposed individuals age,
etc.) such as the tolerable daily intake (TDI) set by international
food safety authorities. Only two studies exist on children's urinary
mycotoxin exposure assessment by Ediage ez al. [14] (n=220, AFM1
range: 0.00006-0.048 pg/L) and Tchana ez al. (n=42, 48.8%, AFB1
range: 0.109-2.840 pg/L). Furthermore, other biological specimens,
such as blood from children and complementary foods, can be used
to estimate dietary exposures in children. Additionally, breast milk
from breastfeeding mothers, such as those in the studies by Chuisseu
et al. [48] and Tchana ez al. [47] might be used if the consumption
frequencies of the breastmilk and amount of breast milk intake per
day by the children were recorded.

In dietary risk assessment, the estimated daily intake (EDI) is a key
metric used to quantify exposure to food contaminants, including
mycotoxins, based on consumption levels and contaminant
concentrations in food. This is particularly important for vulnerable
populations such as children in Cameroon, where staple foods like
maize and groundnuts are frequently contaminated [14,47]. EDI
values are often compared to health-based guidance values such as
the TDI, which represents the amount of a contaminant that can
be ingested daily over a lifetime without appreciable health risk
[66]. For genotoxic and carcinogenic mycotoxins like aflatoxin B1,
a TDI is not established; instead, the Margin of Exposure (MOE)
is used. MOE is calculated by dividing a benchmark dose by the
EDI. An MOE below 10,000 indicates a potential health concern
[67,68]. In Cameroon, a few biomonitoring studies have shown that
the EDI for children and adults often exceeds safe levels [14,22,44],
and MOE values for aflatoxins frequently fall below the acceptable
threshold [43,69], underscoring a concern for children and the
urgent need for mitigation strategies. Despite the few studies cited
above in children, dietary exposure assessments remain limited in
Cameroon, emphasizing the need for routine surveillance, food

safety education, and policy enforcement to protect children from
ongoing mycotoxin risks in Cameroon. Furthermore, health risk
assessment using different health risk indicators such as liver cancer
risk [43], the margin of exposure [43,69], and hazard quotient, is
still underrepresented in Cameroon.

Recommendations to reduce mycotoxin risks and improve
policy relevance in Cameroon

Protecting the Cameroonian children from mycotoxin exposure
requires coordinated national action across multi-sectors including
health, agriculture, and food safety sectors, ensuring a full stakeholder
analysis [18]. Current evidence in Cameroon shows high exposure
risks in maize-, groundnut- and complementary-food—dependent
communities, placing infants and young children at increased risk of
impaired growth [14,47] and neurodevelopment [7,25]. Cameroon
can adapt successful African strategies, such as Ghana’s National
Aflatoxin Policy, the ECOWAS Aflatoxin Action Plan, and PACA’s
continental strategy, combined with proven interventions (improved
drying, hermetic storage) to reduce exposure rapidly and sustainably

[70-74].
Some priority actions include:

¢ Surveillance and Data Systems: Establish sentinel biomonitoring
for children and pregnant women; build an integrated health-
agriculture dashboard to track hotspots and guide response.

* Stronger Regulation and Market Control: Adopt/update
national maximum limits aligned with Codex; enforce risk-
based inspection, particularly for foods consumed by infants

and children.

e Maternal and Child Nutrition Interventions: Integrate
exposure-reduction messaging into Antenatal Care/Postnatal

Care (ANC/PNC); promote dietary diversity and safe

complementary feeding practices.

e Public Health Education: Use community radio, schools,
women’s groups and health workers to promote low-cost
mitigation such as proper drying and airtight storage.

e Agricultural and Post-Harvest Solutions: Scale proven drying
and hermetic storage technologies; pilot biological control in
high-risk zones.

¢ Research and Capacity Investment: Strengthen laboratory
capacity, develop child-specific exposure models, and evaluate
intervention effectiveness.

e In all, monitoring success will focus on reduced contamination
in foods and biomarkers, improved regulation compliance, and
increased adoption of safer storage practices.

Conclusion

This review underscores an urgent yet underrecognized public
health issue in Cameroon: children’s dietary exposure to neurotoxic
mycotoxins and their potential role in neurodevelopmental disorders
(NDDs). Common toxins like aflatoxin B1, fumonisin B1, and
ochratoxin A, prevalent in staple foods such as maize and groundnuts,
threaten early brain development, especially during prenatal, infant,
and early childhood periods. Childrens heightened vulnerability
is due to immature detoxification systems, underdeveloped
blood-brain barriers, and maternal transfer during pregnancy and
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Figure 3. Conceptual framework illustrating the pathways of mycotoxin exposure in Cameroon, the resulting neurodevelopmental risks in children,
and the critical gaps in surveillance, regulation, maternal nutrition, and public health education.

breastfeeding. These mycotoxins impair neurodevelopment through
oxidative stress, mitochondrial dysfunction, neuroinflammation, and
disrupted neurotransmission. Animal studies confirm associations
with cognitive deficits, motor impairments, and behavioral changes
resemble conditions like ASD and ADHD. In Cameroon, the
situation is worsened by poor food storage, weak regulatory oversight,
and low dietary diversity. However, national-level data on exposure
and health effects remain scarce, and most studies focus narrowly on
food contamination rather than holistic risk assessments. To reduce
the impact of mycotoxins on child health, a coordinated response
is needed, including: (1) establishing national biomonitoring
systems; (2) conducting child-specific dietary risk assessments; (3)
strengthening food safety regulation; and (4) educating the public on
maternal and child nutrition and safe food handling. Strengthening
these interconnected systems is essential to safeguard child health

and food integrity.
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