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ABSTRACT
The role of climate change on mycotoxin profile and activity was reviewed.
The unprecedented spread and relocation experienced by some regulated
mycotoxins on food and feed items were investigated. Aspergillus species and
aflatoxin, originally associated with tropical and subtropical climate
characteristics of Sub-Saharan Africa are now comfortable guests in temperate
zones. The same applies to Fusarium and Penicilium species, earlier thought
to be strictly specific to temperate regions of Europe, now encountered in
tropical Africa, with their toxins like zearalenone and trichothecenes,
particularly in recent surveillance studies. This review is an update on the
unstable trend on a global mycotoxin map with reference to the obvious
climatic dynamics, having Africa in view.

Introduction
Mycotoxins are a group of biochemicals that actively
partner with pesticides in determining the food safety
profile in African countries (Adewunmi and
Fapohunda, 2018). The potential effects of climate
change on mycotoxigenic fungi and mycotoxin
contamination of food crops pre- and post- harvest
have been extensively studied (Magan et al., 2011;
Kovalsky, 2014; Medina et al., 2015a). A shift in
mycotoxin pattern triggered by climate change is
being observed globally, which is significant, since
mycotoxin production is climate driven. Global
warming due to large scale deforestation, burning of
fossil fuels, accelerated industrialization and other
human activities resulting in flooding, excessive
heat, livestock migration, adaptations and ‘new–
niche’ circumstances for toxigenic fungi is now
becoming a characteristic in the food and mycotoxin
discipline. Concentrations of methane, carbon
dioxide, nitrogen dioxide and chlorofluorocarbons in
the atmosphere have increased, leading to serious
environmental warming. Mycotoxins are climate dependent, hence this climate change, which is
affecting both agricultural and natural ecosystems,
may lead to a ‘new age’ of extinction and ‘evolution’
of new forms, or a redirection of the biochemistry of
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some mycotoxigenic fungi, in event that the
temperature increases sufficiently in already hot
regions such as in Africa, South Asia and central
America. This will be a welcome benefit of climate
change. It has also been observed that some
previously native fungal species are being displaced
by other more virulent and aggressive ones, and the
geographical distribution is being distorted, as fungal
species which were originally endemic to tropical
climate are now being isolated in known temperate
regions. According to Russel et al. (2009) several
factors affect mycotoxin contamination, but climate
change is the most important. Hence, when climate
change occurs, mycotoxin production will be
affected because its production depends on
environmental factors such as temperature and
availability of moisture pre- and post-harvest. Studies
on the impact of climate change factors on growth
and mycotoxin production in food crops such as
carbon dioxide (CO2), water activity (aw), and
temperature interactions showed that the range of
these 3 factors for mycotoxin production is narrower
than that for fungal growth (Medina et al., 2015b).
Kovalsky (2014) stated that climatic indicators such
as temperature and carbon dioxide levels have
increased due to high variability in weather
conditions, including changes in precipitation
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patterns and frequent storms. Various global
warming projections have also been reported in
recent times, with the prediction that global
temperatures may rise up to 4.8°C in year 2100
(IPCC report, 2014). It is also assumed that the
current CO2 level will potentially be doubled by
2050’s and tripled around 2100’s (Magan et al., 2003,
Magan and Aldred, 2007). Accordingly, this is
expected to affect agriculture, and geographical
distribution, or life cycle of insects that promote
fungal infections of crops. It has also been observed
that some species of fungi are being displaced by
other more virulent and aggressive ones in response
to these changes. FAO (2008) for instance, reported
on climate change and its implications on food safety
and observed that in the temperate region of North
America, Fusarium culmorum is being replaced by F.
graminearum, a very virulent plant pathogen.
Furthermore, in North America, changes have also
been observed where a more toxigenic Fusarium
species is replacing the normal non-toxigenic
population. This indicates that new strains of
Fusarium that are capable of forming unexpected
toxins as a result of climate and environmental
instabilities are emerging. In Minnesota, USA, a new
Fusarium isolate known as “Northland population”
has been identified, which does not produce the
protein-synthesis-inhibiting
trichothecenes,
deoxynivalenol (DON) or nivalenol (NIV)
(Kovalsky, 2014). The highest mycotoxin risks will
be observed not only in countries with tropical
climate like Africa, but also in countries with
temperate climates such as Europe and North
America, if there is rise in temperature, which
favours the growth of Aspergillus species and
attendant aflatoxin B1 production. It is not surprising
that in 2003, Northern Italy experienced hot and dry
episodes which encouraged Aspergillus flavus to
colonize maturing maize, a key crop, by outcompeting the then more common Fusarium spp.
(Kovalsky, 2014). Traditional and normal fungal
flora are fast giving way to a new set whose virulence
status is still under investigation.
Climate change inconsistencies can cause changes in
mycotoxin production and prevalence within the
same fungal species. Alternaria alternata produces a
variety of mycotoxins like alternariol (AOH),
alternariol monomethyl ether (AME), and altenuene
(AE). At 21 °C and 0.95aw, AOH is produced, while
AME is produced at the same 0.95a w levels, but at 35
°C, a much warmer temperature, with the possibility
of a shift from AOH production to AME. Changes in
water activity and temperature stress may impact
Aspergillus section Nigri species, influencing
ochratoxin A contamination of grapes and grape-
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based products (Astoreca et al., 2010). Added to the
already established food safety concern is the
noticeable increase in worldwide production of
mycotoxins like fumonisin zearalenone and
deoxylivanenol on matrices like corn, wheat, rice and
soybean(Gos, 2018).
In Sub-Saharan Africa drought stress is important,
especially in terms of food security. For example,
maize has the capacity to replace stress-tolerant
sorghum, because of the susceptibility of maize and
peanuts to fungal infection during water stress. As a
result, there is increased pre-harvest aflatoxin
contamination of food with significant negative
impact on the consumption or the ability to export.
According to Magan and Aldred (2007) and Leong et
al. (2011), xerophilic fungi, such as Wallemia
sebi, Xeromyces bisporus and Chrysosporium spp.,
ordinarilly regarded as extraneous, could also become
more important colonizers of food, as they can grow
under dry conditions (0.65–0.74 water activity (aw)).
This is possible because at such dry regime, there is
less competition from other mesophilic fungi. These
fungi, particularly W. sebi, can produce metabolites
such as walleminol and walleminone, both with
toxigenic potentials to animals and humans (Pieckova
and Kunova, 2002). The impact that climate change
may have on plant breeding, plant diseases and
mycotoxins in Europe, Australia and Africa has also
been examined (Garrett et al., 2006; Boken et al.,
2008; Chauhan et al., 2008; 2010; Miraglia et al.,
2009; Paterson and Lima, 2010).
Geographical Spread
The occurrence of mycotoxins in food and animal feed
often follows a geographic pattern (Fig. 1).
Aspergillus species naturally grow optimally in the
tropical and subtropical climate, hence aflatoxins are a
major concern in these regions, especially in SubSaharan Africa. Fusarium and Penicilium species
grow optimally in temperate climate, hence
fusariotoxins such as ZEN or trichothecenes occur
mainly in the temperate climate of North America and
Europe (Paterson and Lima, 2011; Magan et al., 2011).
However, in recent times, a shift in mycotoxin
patterns, driven by climate change is being observed
globally. Global warming due to large scale
deforestation, burning of fossil fuels, industrialization,
ozone depletion, and other human activities has been
experienced
in
the
current
dispensation.
Concentrations of methane, carbon dioxide, nitrogen
dioxide and chlorofluorocarbons in the atmosphere
have increased leading to serious environmental
warming. Aflatoxin distribution is no longer a
preserve of the tropical and sub-tropical climate, but
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has now spread all over the world. Fumonisins,
hitherto a strict preserve of the temperate climate are

also found in high numbers in the tropical climate of
Africa (Kovalsky, 2014).

Prevalence and geographical spread of major mycotoxins worldwide
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Fig 1. Global distribution of some regulated mycotoxin (adapted from Kovalsky, 2014).

Prevalence and geographical spread of aflatoxins and fumonisins
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Fig 2. Global distribution of aflatoxins and fumonisins. Source: (adapted from Kovalsky, 2014).
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Figures 1 and 2 show that, as in 2014, aflatoxins have
a global spread covering the tropical and temperate
regions of the world with 55% in Southern Europe.
More interesting is the spread of fumonisins to the
tropical climate of Africa, South Asia and Middle East
where 78, 57 and 78%, were recorded respectively
(Kovalsky, 2014). Other mycotoxins such as DON and
OTA are now also predominant in the tropical regions
of Africa with 67 and 56%, respectively. Aspergillus
species, the producer of aflatoxins prefer the warm
tropical and subtropical conditions, thus global
warming, especially in the temperate climate,
encourages the fungi and its toxin production. Crops
that were initially resistant to A. flavus infections and
subsequent mycotoxin production are now susceptible
due to climate change, as the environmental conditions
now favour fungal growth. In warm and humid
subtropical and tropical conditions, maize ears are
ideal for colonization and dominance of A. flavus and
A. parasiticus with subsequent production of
aflatoxins. Under drought conditions, groundnut pods
can crack, so that A. flavus and A. parasiticus can
ingress, resulting in high aflatoxin accumulation.
Delayed harvest, late irrigation, rain and dew during
warm periods are associated with increased aflatoxin
levels. Exposure of peanuts to high temperatures
during pod maturation and rainfall are additional
factors for higher susceptibility (Milani, 2013). On the
contrary, Fusarium species, the producer of
fumonisins and trichothecenes, such as DON and
ZEN, prefer the temperate climate. Maize grown in
temperate region is an appropriate substrate for F.
liseola and the production of fumonisins. F.
verticillioides and F. proliferatum are important
contaminants of maize in Southern Europe and in the
North and South America (Sydenham et al., 1993;
Sanchis et al., 1995) and in maize-based foods in
different parts of the world (Doko and Visconti, 1994;
Sanchis et al., 1994; Velluti et al., 2001). In the central
Europe climate zone, ZEN has been found to play a
role in food/feed deterioration (Conkova et al., 2003).
The highest amount of ZEN produced by Fusarium
was observed at 25 °C and 16% humidity. DON, a
trichothecene mycotoxin is the more common one that
may occur in warmer climates. DON impairs immune
response in humans and animals and has been
incriminated in outbreaks of acute gastrointestinal
infections in Asia (WHO, 2002). In Africa, Ngoko et
al. (2001) reported DON contamination of foods in the
Cameroons. Maximum amounts of DON were
produced at 0.997 water activity after 6 weeks at 30 °C
(Maria et al 2006). Ochratoxin A is a mycotoxin
produced by A. ochraceus, P. verrucosum and A.
carbonicus (Frisvad and Thrane, 2002). In warm
weather, such as in West and Central Africa, OTA is
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more commonly associated with A. ochraceus than
with P. verrucosum, which often produces OTA in
temperate climates of Northern Europe and Canada
(Sweeney and Dobson, 1998; JECFA, 2001).
Generally, in Sub-Saharan Africa, the Sahel region has
high temperatures and a high risk of drought stress,
encouraging the growth of A. flavus over other grain
fungi. The ‘S’ strain of A. flavus which has a higher
aflatoxin production and toxicity occurs more in this
zone (Cotty and Cardwell, 1999). Maize, in the Sahel
region of both Benin and Nigeria, experienced a
significantly higher risk of aflatoxin contamination
after six months of storage than in the other zones.
Dry savannah region has dry climatic conditions with
rainy season during which farmers introduce cotton,
groundnut, and maize in their fields. All of these crops
are prone to A. flavus and aflatoxin build-up and
growing them together has the potential to increase
contamination. However, in the dry savannah zone of
Benin and Nigeria, overall toxin levels were low due
to better crop husbandry and better climate (Udoh et
al., 2000). In this zone, ear boring insects are known
to increase aflatoxin contamination (Setamou et al.,
1998).
The moist savannah, in contrast, has a bimodal rainy
season and so farmers find it difficult to dry their first
season crops before storage, resulting in insect
infestation and deterioration in quality. The coastal
savannah and humid rain forest regions have high
humidity and warm temperatures and this increases the
risk of fungal contamination of maize, but A. flavus
being displaced by Fusarium and Penicilium spp. due
to the cool climate found in this zone, has led to the
dominance of fumonisins, DON and ZEN. These agroecological conditions exist across a large part of subSaharan Africa (Cardwell, 2000).In Africa, a very
recent survey revealed that fumonisin, a Fusarium
mycotoxin was found in 100% of samples analyzed at
an average contamination level of 203ppb with a
maximum of 3374ppb(Biomin, 2019).
Standards and legislations
Mycotoxins are regulated in foods and feeds due to
health concerns. Mycotoxins such as aflatoxins, DON
and ZEN are known to have carcinogenic,
immunotoxic and environmental estrogenic properties
respectively and also cause immune suppression in
young animals (Cardwell, 2000). In the developed
countries of the world, human exposure, especially of
children, to dietary mycotoxins is virtually nonexistent because of regulatory standards. In
developing countries, monitoring and enforcement of
standards are almost non-existent, and the staple foods
are often susceptible to mycotoxins. In Sub-Saharan
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Africa people are exposed to unsafe levels of various
multi-mycotoxins, with attendant serious public health
consequences (Ezekiel et al., 2014) which have been
ignored. However, issues on standards and regulations
on mycotoxins are gradually progressing because all
countries recognize that addressing mycotoxin
contamination in food commodities and feeds will not
only reduce public health issues and costs, but also
offer gains with respect to export trade. Regulations in
individual countries depend on the final use, with the
strictest limits for human consumption and for export
products and the lowest for industrial uses. The “safe”
limit of aflatoxins for human consumption range is 420 mg/kg, however the EU standard is the strictest,
with AF-B1 and total AFs not greater than 2 mg/kg and
4 mg/kg, for products meant for direct human
consumption and marketing respectively (EC 2007,
EC 2010).
The United States regulations have also speciﬁed the
maximum acceptable limit for total AFs at 20 mg/kg
(Wu, 2006, FAO, 2004). A tolerable level of 30 mg/kg
for aflatoxin in all foods has similarly been set for
India. In Brazil, total aflatoxin limits in nuts have been
set at 30 mg/kg (Freitas-Silva and Venancio, 2011)
and limits of 10 mg/kg for cocoa beans and 5 mg/kg
for commercialized cocoa products and chocolate, for
both OTA and total AFs have also been set (Copetti et
al., 2014). Likewise, in Australia and Switzerland,
maximum levels of 0.05 mg/kg for milk, 0.25 mg/kg
for cheese, and 0.02 mg/kg for butter are established.
Studies have shown that protective legislation on
mycotoxins is still non-existent in many developing
countries, especially in Sub-Saharan Africa, where
traditional practices and diets contribute to potential
health risks, and this is probably due to the lack of
competence and resources to detect contamination and
enforce regulations (Waliyar et al., 2015; Williams et
al., 2004; Wild 2007; Wild and Gong, 2010). In spite
of this, few of these developing countries have
endeavoured to set their own regulatory limits based
on the country’s food regulations. For instance, Kenya
adopted a maximum allowed level (MAL) of 10 mg/kg
of AF-B1 in groundnuts and several grain foods. In
Nigeria, 1.0 mg/kg is ﬁxed as the regulatory limited
for AF-B1 in milk (Iqbal et al., 2015), whilst South
Africa presently allows up to 0.05 mg/kg of AF-M1 in
milk and milk products (Mulunda and Mike, 2014).
Climate change - food security relations
Recent developmental approach on the effect of
climate change and mycotoxin production has been to
try to incorporate effect of climate change conditions
on both plant physiology and the mycotoxinproducing fungi such as A. flavus and F.

verticillioides. Vaughan et al. (2014) studied the effect
of elevated CO2 on the interaction between maize and
Fusarium verticillioides, and discovered that elevated
CO2 of about 800 ppm (double the current CO2)
increased maize susceptibility to F. verticillioides
colonization. Nevertheless, fumonisin production was
not impacted. This suggested that there were some
physiological effects on maize agronomy under
climate change treatments, which could impact the
infection and contamination with mycotoxigenic
fungi. Furthermore, similar physiological effects were
also seen in the interaction of wheat with Fusarium
Head Blight (FHB) and Septoria tritici blotch (STB)
diseases when CO2 was doubled (Vary et al., 2015).
Medina et al. (2015a, b) posited that a key gene in
fumonisin biosynthetic pathway (FUM 1) is
significantly affected by changes in environmental
factors.
Future projections indicate clearly that climate change
factors will have a profound effect on both the growth
of fungi and relative mycotoxin production and food
security, whose key components are three key
components are: (a) sufficient food availability, (b)
access to this food and (c) quality and utilization of the
food in terms of both nutritional and cultural
perspectives (FAO, 1998, Medina et al., 2017). The
biggest risk with regards to mycotoxins and climate
change may be found in developed countries with
temperate climates such as Europe and the United
States of America (Russel et al., 2009). The climate of
these region will become warmer reaching
temperatures of 33 °C, which is optimal for aflatoxin
production, especially if aflatoxin susceptible crops
are grown (e.g. peanuts and maize), thus increasing the
risks of aflatoxin in these regions (Paterson and Lima,
2010). Therefore, from a position where aflatoxins
were not of any concern to indigenous crops, there is
a possibility that they may become a significant risk.
On the flip side, aflatoxin may not be of any significant
concern in the countries with currently very cold
climates (e.g. Norway, Canada, and Russia), where
even global warming will not result in temperatures
warm enough for A. flavus and A. parasiticus growth.
Hot tropical climates such as the one occurring in
Africa, Middle East and South Asia may face more
serious problems if the temperature of these countries
increases at the same rates, as food security may be
adversely affected. If temperature reaches 40 °C, as
has recently been experienced in some hitherto
temperate countries, it can be assumed that fungal
growth, mycotoxin production and food damage could
be reduced. Fungi which thrive in high temperature
regions may not survive in such thermophilic
conditions and, as other organisms, may become
extinct (Walsh, 2009). However, if the temperatures
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do not become extremely high and drought conditions
become more recurrent, then these may stimulate
aflatoxin contamination (Lewis, 2005). Penicilium
and Aspergillus toxins such as Patulin and OTA may
become less important in the currently temperate
climates as the temperature range become too high for
these fungi, since their toxins are associated with
lower temperatures.
In Africa, certain aflatoxin producers are associated
with hot, dry, ‘agroecozones’ with latitudinal shifts in
climate influencing fungal community structure
(Cardwell and Cotty, 2002). Importantly, as global
warming and weather patterns become unpredictable,
aflatoxin contamination may further restrict the areas
over which crops may be grown profitably. Maize, a
staple of the large population of people in the warm
regions of Africa, Asia and the Americas, is
vulnerable, particularly to the influences of climate as
demonstrated by the experiences with lethal
aflatoxicosis in Kenya (Lewis et al., 2005). Thus, in
Africa with hotter tropical climates and longer periods
of drought stress, there will be significant impact on
food production and susceptibility to mycotoxin
contamination. This will in turn directly impact food
security through economic instability arising from
unpredictable factors beyond human control (Wu and
Mitchell, 2016). If such instability has been
experienced in the United States of America (Wu et
al., 2011), it is only fair for Africa to factor in climate
change as part of the overall soup of pre-disposing
elements in mycotoxin challenge. This will enhance
the quality of any intervention project.
The biological control project rests on stability and
consistency with respect to fungal location and
productivity. For example, the aflasafe and AF36
biopesticides are confirmed to have a future due to the
deployment of native non-toxigenic Aspergillus
flavus. With climate change, everything about this
species may change, including genetic stability and
infectivity, culminating in uncertainties in biological
interventions

Conclusion
Hitherto native major mycotoxins are no longer
restricted to certain regions of the world due to the
effect of global warming and climate change. Climatic
condition is one of the parameters which determines
fungal colonization and mycotoxin production.
Mycotoxins are a critical group of contaminants in
African foods and feeds. A probe into the subcellular
analysis of fungal strain in order to understand the
ability to survive through various adaptations, must be
updated. Many of the fungi are now extremophiles,
making the issue of detection, distribution and
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intervention now cumbersome and unpredictable.
More insight on tolerance of mycotoxigenic fungi to
changes in CO2, temperature and water activity
conditions in order to improve predictions of
mycotoxin risk is required. Legislations on
mycotoxins will be inconclusive and ineffective
without a reliable information on climate change.
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