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Abstract

Gene-environment interaction is an emerging hypothesis to explain the increased incidence of neurological disorders. In this context, the
health and clinical effects of exposure to air pollutants have received increasing attention. One of these pollutants is the growth of fungi
and molds in the form of multicellular filaments, known as hyphae. Fungi and molds not only grow in outdoor environments, but they
also thrive indoors with excessive moisture, producing mycotoxins. Mold enters the body through the nose via the olfactory neurons,
which directly communicate with the brain. Mycotoxins induce toxicological effects similar to those associated with brain disorders such
as oxidative stress and inflammation. One mold species can produce several different mycotoxins, and one mycotoxin can be produced
by several different molds. Even a small amount of mold growth in the air conditioners and their ducts or the panels inside the buildings
and even the cars cause the occupants to be chronically exposed to and constantly inhaling spores and mycotoxins, which causes illness.
In this review, we focused on mold and mycotoxin exposure and brain disorders.
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1. Introduction
Mold contamination is widespread in buildings, while

mold growth is generally considered a significant problem.
Mold is a type of fungus that grows as multicellular fila-
ments in food and other moist surfaces [1,2]. Any disease
caused by fungi (molds) is called mycosis; fortunately, they
are not contagious. Mycosis can be exacerbating, as in ath-
lete’s foot, or critical, as in invasive aspergillosis. Mycoses
have increased over the past 4 decades as a result of the ac-
quired immunodeficiency syndrome (AIDS) epidemic, the
advent of chemotherapy, transplantation, immunosuppres-
sion with drugs such as corticosteroids, access to the vas-
cular system, as well as climate change which has caused
more floods, hurricanes, and storms in homes, schools, pub-
lic buildings, and the workplaces [3]. The patients affected
by molds and mycotoxins must no longer be exposed to
them before starting the treatment [4]. As we have come to
understand, biotoxins from bacteria by weight and by mass
are far more important than mycotoxins possibly [5]. When
actinomycetes are detected in the sample, they are tabulated
as the abundance expressed per milligram of the sample.
Presently there is no normal range of actinomycetes in the
dust of USA homes and other countries that has been es-
tablished. However, studies in the USA and other countries
have shown that some actinomycetes species are frequently
found in moisture-damaged buildings [6]. A normal index
value is not the same as a safe indoor environment, which is
a relevant term and different for everyone’s toxic load bur-
den within their bodies. Further, one should consult with

an expert in the field, such as an indoor environmental pro-
fessional (IEP) or a council-certified indoor environmen-
tal professional (CIEC), preferably with indoor safety or
illness experience. Testing and remediation of molds are
not standard. Testing for airborne mold spores in an in-
door space only shows what is present at the time of the
test, not 24 hours a day, 7 days a week so that test results
can vary from hour to hour, depending on the activity in
the room. Also, this test does not reveal any hidden mold
like that found in attics, insulation, ventilation ducts, base-
ments, damp spaces, wall cavities, etc. The Environmen-
tal Protection Agency (EPA) warns that 50% of fungal and
mold growth can be hidden from the human view. There-
fore, after testing and modification, some hidden mold may
remain [3,7]. Many of these indicator molds have served
in understanding the possible levels of water damage, the
extent of potential ventilation problems, and the types of
surfaces and substrates they are known to thrive on. It is
imperative to understand further how fungal ecology plays
an important part in many neurological disorders. As we
unfold our hypothesis in this study, we detail the produc-
tion of mycotoxins and the toxicological effects associated
with brain disorders where mycotoxins are known first to
attack the brain.

2. Mycotoxin Toxicity
Mycotoxins are secondary metabolites of fungi. Most

of the mycotoxins that affect human health are from fungi
of the genera Penicillium, Aspergillus, and Fusarium. Each
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of these genera can produce several different mycotoxins
[8]. Mycotoxins can exert their harmful impacts by affect-
ing translation and transcription or via inflammatory cy-
tokine responses. It is essential to note the mycotoxins are
0.1 µm, about the virus size (for reference: a hair is 100
µm thick, mold spores are 2–3 µm). Field studies of damp,
moisture-damaged homes have shown that the number of
nanoparticles indoors is at least 1000 times or more than
the mold spores in indoor air. These nanoparticles are my-
cotoxins [7]. A mycotoxin sample must be collected within
the affected environment of concern to validate further if
an influence can be pinpointed to a health concern. My-
cotoxin sampling is achieved by strategically collecting 5
mg of dust from various reservoirs where they have accu-
mulated over a long period. Collecting dust in this manner
provides a historical value within the dust reservoirs, po-
tentially harboring these mycotoxins and other biotoxins as
well [9].

Our previous studies have shown that airborne
nanoparticles can cross the blood-brain barrier (BBB) [10–
13] and cause behavioral changes and neurotoxicity by
changing gene expression and causing oxidative stress and
neuroinflammation [14–16]. So, when an indoor air qual-
ity report shows a spore count, the mycotoxin count can
be 1000 times higher. Mycotoxins are odorless, invisible,
and tasteless [17,18]. Mycotoxins are diverse and differ in
molecular structure, which leads to differences in their tox-
icological and biological properties. Mycotoxins can have
various adverse effects on human health and pose a seri-
ous threat to health, from acute toxicity to long-term im-
pacts such as neurological disorders, cancer, and autoim-
mune diseases [19,20].

Various mechanisms are involved in mycotoxins tox-
icity, such as the inhibition of ribosomal protein synthesis
and disruption of RNA and DNA biosynthesis and mito-
chondrial function. At the cellular level, the mycotoxins
lead to apoptosis, oxidative stress, cell membrane dysfunc-
tion, and cell cycle arrest [20]. Altered immune responses
due to chronic mycotoxin exposure may also negatively af-
fect the ability of the immune system to respond to envi-
ronmental challenges. The immunosuppressive effects of
mycotoxins include microbiocidal activity, inhibition of su-
peroxide release, T-lymphocyte-mediated cytotoxicity, and
cytokine release by leukocytes [20,21]. Also, mycotox-
ins can affect nerve axons by activating a number of ki-
nases, including MAPK (mitogen-activated protein kinase)
[8,22,23]. Macrocyclic trichothecenes are MAPKs’ potent
activators [24]. Exposure to satratoxin H may cause induc-
tion of oxidative stress, activation of MAPKs, and deple-
tion of reduced glutathione. Exposure to ochratoxin can re-
duce the function of mitochondria and may lead to apopto-
sis in neurons [25,26] and dysfunctional responses in cul-
tured mouse astrocytes and microglia [27,28]. It would
be valuable to mention that the effect of ochratoxin A on
neuronal survivability is dose-dependent, as a 2023 study

showed that a realistic dose does not induce survivability
changes compared to a higher dose [29]. In a study on
mice, satratoxin G induced apoptosis in sensory neurons in
the olfactory bulb (OB) [30], such as encephalitis, related
to persistently high levels of proinflammatory cytokines in
the brain’s frontal region. Molds and mycotoxins do not
inhibit the immune system from forming antibodies in re-
sponse to antigens. A common misconception is that my-
cotoxins are stored in fat cells. Since mycotoxins affect mi-
tochondrial function and cause cell death, they destroy fat
cells and are, therefore, not stored in them. Fat cells store
persistent organic compounds that are toxic but not myco-
toxins. Mast cells are immune cells, found perivascularly
in all tissues, including brain tissue [31,32], and many in-
flammatory cytokines are secreted by them [33,34]. Mast
cells exist in most tissues surrounding blood vessels and
nerves and are found in the skin, lung mucosa, digestive
system, oral cavity, nose, and conjunctiva. Recent find-
ings indicate a strong correlation between mast cell preva-
lence and increased autism spectrum disorder (ASD) risk
[35,36]. Exposure to mycotoxins is associated with mast
cell activation. Immunoglobulin E (IgE) antibodies to my-
cotoxins stimulate mast cells to release heparin, histamine,
proinflammatory cytokines, and prostaglandin GD2. This
release induces neurological symptoms such as brain fog,
headache, nausea, fatigue, and respiratory-tract irritation
[20]. Recent studies suggest that this stimulation by IgE an-
tibodies to mycotoxins in serum can lead tomast cell activa-
tion syndrome (MCAS), an often undiagnosed disorder. It
has been reported that the ASD prevalence in children with
mastocytosis is 10 times higher than in the general popula-
tion [36]. In addition, based on studies, one-third of mas-
tocytosis patients show neuropsychological symptoms such
as fatigue [37], depression, and cognitive impairment [38].
Interestingly, mycotoxins can stimulate mast cells [39] and
microglia [40] because mast cell-microglia interactions are
involved in neuropsychiatric disorders, particularly “brain
fog”.

3. Mold Exposure and Brain
Based on the findings and results of various studies,

the first area of effect of mycotoxins in humans is the cen-
tral nervous system. Mycotoxins can cross BBB. A study
has shown that T-2 toxin can cross BBB and accumulate in
the brain, leading to neurotoxicity [41]. Other studies have
shown that mycotoxin deoxynivalenol (DON) reduces BBB
integrity and causes cytotoxic effects at very low concentra-
tions [41–43]. In vitro and in vivo studies indicate that cel-
lular and molecular oxidative stress is a direct mechanism
of mycotoxin-induced cytotoxicity. Brain cells are vulnera-
ble to oxidative stress damage caused by DON, ochratoxin
A, and T-2 toxins from the environment [44]. Mycotox-
ins have significant toxic effects on the brain as well as the
peripheral nervous system. Studies have shown that myco-
toxins can cause myelin loss, leading to symptoms similar
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to multiple sclerosis, chronic inflammatory demyelinating
polyneuropathy, and other demyelinating disorders. In the
peripheral nervous system, loss of myelin can be to sen-
sory nerves, motor nerves, or both. One survey of 119 pa-
tients exposed to mold and mycotoxins in whom the my-
cotoxin antibody test was positive in blood serum observed
demyelination of nerves. One study showed that all partici-
pants developed blood serum antibodies to nerve tissue, in-
cluding myelin basic protein antibodies, myelin-associated
glycoprotein antibodies, and others, which had significant
neurological effects [45]. Another study found that pa-
tients can develop demyelinating optic neuritis due to my-
cotoxin exposure, which leads to blurred vision, reduced
visual fields, and reduced pupillary response. Patients with
this disorder were successfully treated with oral itracona-
zole and intravenous gamma globulin [46]. Researchers at
Rutgers School of Medicine suggested in 2010 that my-
cotoxins are the primary cause of multiple sclerosis and
thus may offer a path toward an effective treatment [47].
A study in the Journal of Neuroscience found both in vivo
and in vitro that mycotoxin gliotoxin causes demyelination,
which leads to multiple sclerosis [47,48]. Brasel et al. [49]
showed that antibodies to trichothecene mycotoxin from
Stachybotrys chartarum could be measured in the blood
serum of patients exposed to mold-contaminated indoor en-
vironments. A study on 500 patients with mold and 500
controls showed that Immunoglobulin G (IgG) serum anti-
bodies to mycotoxin satratoxin were significantly higher in
patients than in the control group (p < 0.001) [50]. Myco-
toxins may be effective in ASD. A study on 172 children
with ASD with 61 controls showed significant differences
comparing antibodies to mycotoxins between the 2 groups,
and the ASD group indicated higher serum antibodies to
mycotoxins [51]. Research findings from the Tufts Univer-
sity School of Medicine suggested that mycotoxins cause
ASD. According to the survey results, exposure to myco-
toxins and molds can directly affect the nervous system or
through the activation of immune cells and contribute to
ASD and other neurodevelopmental disorders. A follow-
up study from the same institution the following year con-
firmed these findings [52,53].

In the medical textbook Environmental Contaminants
and Neurological Disorders, published in 2021, Chaudhary
and colleagues discuss the mechanisms by which mycotox-
ins affect the brain. Trichothecenes and T-2 toxins cause
neuronal apoptosis and neuroinflammation. Ochratoxin A
causes loss of dopaminergic neurons and apoptosis in the
substantia nigra, striatum, and hippocampus, which can
also be found in Parkinson disease patients. Satratoxin,
DON, and T-2 toxins inhibit ceramide synthesis and cause
neurodegeneration in the cerebral cortex. Satratoxin causes
olfactory nerve apoptosis and olfactory nerve layer bilat-
eral atrophy of OB in the brain and can lead to anosmia
[54]. Inflammation stimulated by mycotoxins causes in-
flammatory markers such as NF-kappa B and TNF-alpha to

access the OB and frontal cortex, leading to the deposition
of amyloid-beta plaques (anAlzheimer disease pathological
hallmark) and other neurological disorders. Neuroinflam-
mation is commonly seenwith amyotrophic lateral sclerosis
(ALS). Motor neuron diseases such as ALS are fatal neu-
rodegenerative conditions that affect motor neurons in the
brain, and the spinal cord may cause muscle weakness. In-
creasing weakness of muscles used for breathing may lead
to death. Familial ALS affects 5% to 10% of cases, and the
remainder, 90% to 95%, is sporadic [55]. One of the hall-
marks of ALS is the excessive release of glutamate from
nerve cells. The mycotoxins verruculogen and penitrem in-
crease glutamate release by 1300% [56,57]. This important
evidence implicates the effects of mycotoxins on glutamate
overactivation in ALS development [58].

4. Mold Exposure and Neuropsychiatric
Effects on Children

Neurophysiological studies in children showed that
brainstem, somatosensory, and visual evoked potentials
were abnormal after prolonged exposure to mycotoxins
[59,60]. One study indicated a correlation between res-
piratory problems, including infections, frequent wheez-
ing and prolonged coughing, and exposure to mold or ex-
cessive humidity in the home or school environment [61–
64]. Some researchers have investigated cognitive devel-
opmental deficits caused by air pollutant exposure during
childhood and pregnancy [65,66]. Abnormalities have been
observed in a series of neurophysiological tests, including
somatosensory evoked potentials, electroencephalography,
brainstem evoked potentials [67], and visual evoked poten-
tials, in children with long-term mold exposure [60]. Expo-
sure to mold’s potent toxins has been related to hemosidero-
sis and acute pulmonary hemorrhage among infants [68].
Recent epidemiologic findings have shown a significant as-
sociation betweenASD andmycotoxin exposure; it reads as
1 in 59 children are affected byASD that is caused/linked by
mycotoxin exposure [69], and despite progress in identify-
ing multiple mutations, it remains without clear pathogene-
sis [70,71]. In one study, the comparison of urine and serum
ochratoxin A levels in 52 children with ASD with healthy
children (27 unrelated individuals and 31 siblings) was sig-
nificant [51]. Also, in a cross-sectional study, the different
mycotoxins levels (fumonisin B1, ochratoxin A, and afla-
toxin M1) were notably higher in the urine and serum of
172 children with ASD compared to 61 healthy individu-
als [72]. A comparison of neurobehavioral and pulmonary
function between boys with ASD exposed to mold, mold-
unexposed ASD boys, terbutaline-exposed children, and
unaffected children from a non-chemically exposed com-
munity was conducted in another study. The results showed
that mold-exposed ASD boys had significantly higher mean
abnormalities in balance, vision, and blink reflex latency
than other groups [73]. Furthermore, based on the results
of other studies, children exposed to mold experienced cog-
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nitive impairment compared to the control group [74,75].
However, in individuals exposed to mycotoxins, IgE or IgG
serum levels may be a more reliable indicator of prolonged
exposure.

5. Mold Exposure and Neuropsychiatric
Effects in Adults

A wide variety of symptoms, including fatigue,
malaise, and cognitive disorders, have been reported by
people exposed to mold, which appear to be associated
with the exposure duration [76–79]. In a study, patients
exposed to mold had various cognitive impairments, in-
cluding disturbances in visuospatial memory and learning,
verbal learning, emotional functioning, and psychomotor
speed [78]. In other research, mold-exposed patients also
showed symptoms of neurological dysfunction compared
to controls, including the inability to walk with eyes closed
in a straight line, failure to stand on one’s toes, verbal recall
impairments, altered blink-reflex latency, short-term mem-
ory loss, as well as reaction time issues and problems with
color discrimination [80,81]. In another study, researchers
evaluated the neuropsychological, electrocortical, and psy-
chological effects of toxigenic molds of mixed colonies
in 182 patients with a history of confirmed mold expo-
sure. Neuropsychological tests showed impairment similar
to mild traumatic brain injury with signs of impaired cog-
nitive functions in these patients [79]. These findings are
consistent with another study, which examined neuropsy-
chological data in 31 individuals exposed to toxic mold and
found that cognitive function, including impaired memory
and executive functions, was reduced inmost participants in
various domains. These findings were similar to the symp-
toms of the matched group of 26 people with moderate trau-
matic brain injury and the group of 65 people with mild
traumatic brain injury [75]. The results of a study on indi-
viduals in water-damaged buildings exposed to mixed mold
contamination showed that mycotoxin exposure was asso-
ciated with the development of multisystem issues related
to the immune and nervous systems [81]. Researchers in
other studies using subjective and objective measures have
shown that dampness and mold are associated with emo-
tional distress and depression prevalence [82,83]. In ad-
dition to the confirmation of these results in various stud-
ies, there are also conflicting reports that do not confirm it.
The results of one study did not show a considerable reduc-
tion in academic performance, unlike the cognitive disor-
ders suggested in other research. Also, they did not show
the effect of duration and the dose of mold exposure on the
development of cognitive impairments [84]. Another study
found no association betweenmold exposure and neuropsy-
chiatric symptoms [85]. When researchers examined neu-
robehavioral and pulmonary impairments in 105 adults ex-
posed to indoor molds, compared to a control group and
100 adults exposed to chemicals, they found an increase in
neurobehavioral impairments related to exposure to mold is

comparable to damage from exposure to chemicals. There-
fore, cognitive impairment symptoms may not be unique to
mycotoxin exposure [86]. Also, it is unclear whether neu-
ropsychiatric problems and mental disorders are caused by
the adverse effects of molds andmycotoxins or the financial
and emotional stress of keeping the house clean in frequent
mold exposure [82]. Researchers have also suggested that
housing is closely related to an individual’s conception of
control; therefore, those who experience living in a moldy
home with a low sense of control may be at increased risk
for depression and anxiety [87,88]. In addition, since liv-
ing in a moist and moldy home is related to poor physical
health outcomes, such as gastrointestinal and respiratory
problems, illness and physical weakness can also be pos-
sible factors in depressive tendencies [62,82,83,89]. Also,
there is concern that some neuropsychiatric symptoms and
psychiatric disorders may be related to socioeconomic fac-
tors in people living in moldy homes [90]. Findings show
that exposure to mold due to contaminated onions in the
workplace increased fumonisins B1 and B2 [91]. In a study
in Portugal, increased aflatoxin B1 levels were reported in
workers of a waste management company [92]. The afla-
toxin B1 presence in breast milk in Lebanon was associ-
ated with low socioeconomic status [93]. Also, a cross-
sectional study in Kenya reported a strong association be-
tween poverty and aflatoxin exposure [94].

6. Conclusions
Symptoms in mold- and mycotoxin-exposed patients

may be due to the effects of mycotoxins on the peripheral
and central nervous system rather than the gut and/or liver.
As described, the amount of mycotoxins in foods and bever-
ages is below the tolerable daily intake, too small to impact
human health, and is usually excreted in the urine. There-
fore, it is better to treat the peripheral and central nervous
system first. Testing mycotoxins by serum antibodies is
the most advanced and accurate method, well-established
by numerous published studies. Antibodies to mycotoxins
also add to the body’s burden on these toxins. It is impor-
tant to understand that antibodies to mycotoxins can form
adducts and stick to human tissue, causing autoimmunity.
Considering that most of the mycotoxins detected in urine
originate from food, the detection of mycotoxins in urine
does not indicate the body’s mycotoxin load. It should not
be used as a biomarker of exposure to mycotoxins in hu-
mid buildings and damaged with water. Before deciding to
use urine levels of mycotoxins as an indication of mold ex-
posure in damp, water-damaged buildings, it is important
to consider the source of the mycotoxins detected in the
urine. And why the detection of mycotoxins in urine is a
sign of neo-antigen formation between mycotoxins and hu-
man tissue antigens that play a role in the pathophysiology
of autoimmune and neurological diseases? Treating myco-
toxicosis is just as important as treating autoimmunity. The
autoimmune response may fade, rather than vice versa. Be-
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cause these are toxins and not living organisms with cell
membranes, an IgG antibody to mycotoxins indicates cur-
rent exposure and/or colonization to the 4 pathogens in mi-
crobiology viruses, bacteria, parasites, and fungi. IgE an-
tibodies to mycotoxins show mast cell stimulation and can
lead to MCAS [20,95,96]. Understanding a condition I fun-
gal ecology is simple; it is known to be where some fungal
biomass (settled spores, hyphal fragments, traces of mold
growth) on various building materials and reflects a “nor-
mal” fungal ecology in a similar indoor environment com-
pared to the outdoor ecology. When we have condition II,
settled spores or condition III, where there is visible mi-
crobial colonization or contamination, we may see or smell
slight signs of mold. However, condition II is an “assump-
tion” based on circumstantial evidence that cannot be veri-
fied without a laboratory test. An IEP must be able to pro-
duce the data and optics that are necessary to provide the
scientific evidence that a potential correlatable condition
exists where a mycotoxin, actinomycetes, or an endotoxin
can be measured in the environment.

As we perform the deep dive assessment in capturing
historical dust reservoirs and seek out through the question-
able environment, we begin to understand various sources
within many moist enriched areas that hold the key that can
lead us to the root cause of the problem. Therefore, to obtain
a complete picture of the effects of mycotoxins on the pa-
tient, including body burden and autoimmunity, and cross-
ing the BBB, serum antibodies to mycotoxins are the most
accurate method, confirmed by numerous studies published
in reputable medicine.

Furthermore, we need to continue to understand how
the indoor environment can trigger or affect these condi-
tions. It is imperative to understand further how a condition
in fungal ecology plays an important part in many neuro-
logical disorders. As we have stated, this hypothesis goes
into great detail about the production of mycotoxins and the
toxicological effects associated with brain disorders, where
mycotoxins first invade the brain. The goal is to under-
stand the microbial and bacterial effects that develop in the
environment from severe weather patterns that cause these
constant and excessive water intrusion events with ongo-
ing damage to our homes and buildings over a long period
worldwide. This abnormal condition still goes unmeasur-
able today, with so much uncertainty yet to be identified,
with the hopes of finding a correlation between environ-
ment and illness to help improve the lives of many suffering
from these environmental triggers.
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