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Abstract 

 
Mycotoxins come under regulatory limits in foods and feeds because they are 
carcinogens.  Nevertheless, in addition to tumorigenic properties, many mycotoxins are 
anti-nutritional factors causing unthrifty growth and development of young animals.  In 
the developed world, human exposure, and particularly exposure of children, to dietary 
mycotoxins is virtually non-existent because of regulatory standards.  In developing 
countries, monitoring and enforcement of standards is rare.  People are being exposed to 
unsafe levels of various mycotoxins, often in mixtures, and the consequences in terms of 
public health burden have been ignored.  This paper presents information on the health 
effects that have been attributed to mycotoxin exposure from medical research literature; 
data on existing mycotoxin levels in west and central Africa; and nutritional indicators on 
Béninoise children with co-incidental appearance of symptoms of mycotoxin exposure 
with the weaning of children onto solid foods. The International Institute of Tropical 
Agriculture, in it’s maize IPM project, has recognized mycotoxins as one of the most 
important constraints to the goal of fostering human health and well being through 
agriculture.  An overview of various research and development activities is given. 
 
Mycotoxin effects on human and animal health 
 
a. Acute aflatoxicosis 
Acute aflatoxicosis occurs in poultry, swine and cattle consuming feeds containing corn or 
groundnuts infested by Aspergillus flavus and contaminated with aflatoxins. The same 
applies to humans, and cases of lethal toxic hepatitis attributed to consumption of aflatoxin 
contaminated maize have occurred.  In India in 1975, 272 people were admitted to hospital 
with clinical symptoms of aflatoxicosis and there was 27% mortality (Krishnamachari et al. 
1975; Mehan et al. 1991).   In Kenya and Mozambique in1981 there were 20 hospital 
admissions and 60% mortality (Nagindu, et al. 1982, Marasas 1988). 
 
b. Carcinogenecity and teratogenicity 
Naturally occurring aflatoxins are carcinogenic to humans (Group 1) (IARC, 1993).  Intra-
country correlation between estimates of the incidence of primary liver cancer and the 
intake of aflatoxins in the same population groups was demonstrated in Swaziland by Peers 
and Linsell (1977, 1987) and was corroborated by data from Mozambique and.  Although 
there appears to be a strong relationship between hepatitis B virus infection, aflatoxin, and 
liver cancer which tends to confound epidemiological confirmation of aflatoxin as a lone 
causal agent, the IARC assignation of aflatoxin as a Group 1 carcinogen is also due to 
compelling data from animals. 
 
Fumonisins (metabolites of Fusarium moniliforme) are suspected as primary causal factors 
in esophageal cancers in the Transkei, South Africa (van Rensburg et al. 1985, Marasas, 
1988).  Ochratoxin (from Aspergillus ochraceous) is reportedly a renal carcinogen and 
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there is evidence that it contributes to human renal and urinary tumors (Pestka and Bondy, 
1994). 
 
Aflatoxin B1 is consistently genotoxic, producing adducts in humans and animals in vivo 
and chromosomal anomalies in rodents and, in a single study, in rhesus monkeys in vivo.  
In human and animal cells in culture, it produces DNA damage, gene mutation and 
chromosomal anomalies; in animal cells in vitro, it also induces cell transformation.  In 
insects and lower eukaryotes, it induces gene mutation and recombination.  In bacteria, it 
produces DNA damage and gene mutation (IARC 56).   
 
c. Sub-acute chronic toxicity and growth faltering 
Subacute aflatoxicosis in animals is manifested in a syndrome of symptoms which 
commonly includes moderate to severe liver damage, appetite loss, diarrhea, growth 
falthering, immune suppression, increased morbidity and premature mortality. In Kenya, 
the mean birthweight of the offspring of women exposed to aflatoxins prenatally was 
lower than that of those who had not been similarly exposed (DeVries et al., 1989; 
Hendrickse, 1997).  
 
d. Interaction with protein and Vitamin A assimilation 
Reports on the detection of aflatoxin B1 in the livers of children in southern Africa who 
had the protein energy malnutrition syndrome, kwasiorkor, have led to speculations about 
the role of aflatoxin in the causation of the disease (Hendrickse, 1984).  Kwashiorkor and 
aflatoxin exposure appear to be seasonally linked in tropical regions where aflatoxins are 
present. (Hendirckse, 1991)  Subsequent research showed that there is no specific cause 
and effect between aflatoxin and kwashiorkor, but children with kwashiorkor who had 
tested positive for aflatoxin in blood and urine had statistically significant longer hospital 
stay and suffered from more infections (Adhikari et al. 1994; Ramjee et al. 1992). The 
authors suggested that aflatoxin acted in conjunction with kwashiorkor, possibly by 
immune suppresion, to worsen the prognosis (Wild & Hall, 1996). 
Vitamins are thought to ameliorate genotoxicity. Carotenoids of Vitamin A (canthaxanthin, 
astaxanthin, and beta-apo-8carotenal) exert protective effect against AFB1 by deviating 
AFB1 metabolism towards detoxification pathways (Gradelet et al., 1997) and/or Vitamin 
A blocks AFB1 binding to DNA (Zu et al., 1994). On the other hand, Vitamin E enhanced 
binding and enhanced aflatoxicosis in young swine (Harvey et al., 1994). A study from 
China showed a an effect of AFB1 on Vitamin A assimilation, with a significantly 
decreased content of Vitamin A in the serum and liver relative to controls in mice (Liu & 
Zhou, 1989).  Thus, in the presence of dietary aflatoxin, Vitamin A deficiency can be 
exacerbated. 
 
e. Immune suppression: increased morbidity and mortality in animals and humans 
Aflatoxin B1 is hepatotoxic in humans and animals and is nephrotoxic and immuno-
suppressive in animals (IARC 56). In animal studies, AflatoxinB1 suppresses cell-
mediated immunity and some aspects of innate immunity, especially phagocytic 
responses.  It is clear that aflatoxins in the low ppm range would be immunomodulatory 
(Pestka and Bondy, 1994).  Experimental exposure of animals to the Fusarium toxins, the 
trichothecenes, causes severe damage to actively dividing cells in bone marrow, lymph 
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nodes, spleen, thymus, and intestinal mucosa.  At lower doses, these compounds can be 
immunosuppressive (Pestka and Bondy, 1994).   
 
As a result of their studies on animals, researchers have concluded that mycotoxins are 
likely to be immunotoxic to humans as well (Miller,? ).  Pestka and Bondy (1994) 
dismissed the problem for the developed world by stating that “These [high doses of 
mycotoxins] might be most likely encountered in animal feed that is not inspected for 
interregional or international commerce.  In contrast, human food is regulated at the low 
parts per billion range in Canada, the United States, and most developed countries 
because of potent hepatocarcinogenicity of aflatoxins.  Thus, vigilant monitoring should 
minimize the potential for aflatoxin-induced immunosuppression in humans.” 
 
 
 
Prevalence of mycotoxins in West and Central Africa 
 
a. Risk of aflatoxin exposure across different agro-ecological zones 
Although mycotoxins are strictly regulated in most parts of the world, there is virtually no 
information about the amount of exposure to these dietary anti-nutritional factors in sub-
Saharan Africa.  Most countries in the continent have regulatory standards on the books, 
but monitoring and enforcement only occurs in South Africa, and occasionally when 
commodities such as grounduts or coffee are destined for export.   
 
From 1993-1996 IITA conducted toxin analyses on corn samples collected from five agro-
ecological zones of Bénin, Nigeria, and Cameroon.  The hypothesis was that there would 
be differences in risk of mycotoxin contamination mediated by climatic conditions and 
crop management practices in the different zones (Fig 1) (Udoh et al., 1999; Hell et al., 
1999). The Sudan savanna (SS), just south of the Sahara desert, has high temperatures and 
the risk of drought stress which are conditions in which Aspergillus. flavus has competitive 
advantage over other grain-infesting fungi.  The northern Guinea savanna (NGS) has ear 
boring insects known to increase aflatoxin contamination (Sétamou et al, 1997) and it has a 
long mono-modal rainy season during which farmers intercalate cotton, groundnuts, 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. The southern Guinea 
savanna (SGS) has bimodal rainy season and farmers have difficulty to dry their crop 
before storage leading to insect infestation and rapid quality degradation. The high 
humidity and warm temperatures in Coastal savannas (CS) and humid forest regions (HF) 
increase risk of fungal contamination of maize. The cool climate found in the mid-
altitude zones is more likely to promote the Fusarium species and the associated toxins 
such as Fumonisin, Deoxynivelanol (DON), and Zearaleone.  These agro-ecological 
conditions exist across a large part of sub-Saharan Africa (Fig 1).  Tables 1 through 4 
show some of the results of the maize sample analyses from the different agro-ecological 
zones in Bénin, Nigeria, and Cameroun. 
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Figure 1.  Eptha map. 
 
Table 1. Mean aflatoxin, range, percent stores aflatoxin positive and percentage of 
samples >20ppb in the different ecoregions in 93-94 (from Hell et al., 1999) 
Survey Beginning 93-94 6 months later 93-94 
 Mean 

Aflatoxi
n1 

Range %Store
s 
positive 

Positive 
>20ppb
2 

Mean 
Aflatoxi
n 

Range %Store
s 
positive 

Positive 
>20ppb

SS   4.6 a 10-206  5.0 66.7 125.5 b 5-500 56.7 76.5 
NGS 12.2 a 13-563 10.0 50.0   44.0 a 3.13-250 35.0 57.1 
SGS 20.3 b 7-375 25.0 85.0   28.4 a 2-250 35.0 78.6 
CS 12.7 a 17-375 10.0 78.8   30.0 a 1.67-250 24.4 60.0 
 4.77 (p=.003)  4.60 (p=.004)  
 
Table 2. Mean aflatoxin , range, percent stores aflatoxin positive and percentage of 
samples >20ppb in the different ecoregions in 94-95 (from Hell et al, 1999) 
Survey Beginning 94-95 6 months later 94-95 
 Mean 

Aflatoxin1 
Range %Store

s 
positive 

Positive 
>20ppb
2 

Mean 
Aflatoxi
n 

Range %Store
s 
positive 

Positive 
>20ppb

SS 12.9 a  2-104  56.7 35.3 18.5 b 52-217 56.7 23.5 
NGS 19.0 a 3.3-280 72.5 31.0 9.1 ab 16.7-80  60.5 15.4 
SGS 23.1 b 6.7-2500 55.0 54.6 18.7 b 16.7-180 58.5 45.5 
CS 12.7 a 10-54 36.7 18.2 2.2 a 8.3-33.3 22.5 11.1 
F-Value 1.21 (p=.309)  3.99 (p=.004)  
1Zone mean including all samples. 
2 % of positive stores. 
 
Aflatoxin amounts will vary between seasons and years. 
 
 
Table 3. Aflatoxin B(µµg/kg) detected in maize samples in five agro-ecological zones 
of Nigeria in 1994 and 1995 (N=25/zone) (from Udoh, 1996; Udoh et al., 1999) 
Sruvey 1994 1995 
 Mean1 

Aflatoxi
n 

Range %Store
s 
positive 

Positive2 
>20ppb 

Mean 
Aflatoxi
n 

Range %Store
s 
positive 

Positiv
e  
>20ppb

SS 104.3 0-1380 12.0 868.9 51.0 0-408.3 25.0 204.2 
NGS 0.0 0-0 0.0 0.0 3.8 0-16.7 21.4     0.0 
SGS 32.9 0-600 24.0 823.3 40.6 0-650.0 18.7 216.6 
M-A 55.2 0-1380  4.0 1380.0 0.0 0-0 0     0.0 
HF 125.0 0-1050 16.0 781.3 21.1 0-202.9 27.7   77.4 
1Zone mean including all samples. 
2 Mean of positive stores. 
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In both Bénin and Nigeria, the southern Guinea savanna and the Sudan savannas had the 
highest risk of significant exposure to aflatoxin.  The Coastal and northern Guinea 
savannas, and humid forest zones had reduced risk.  In Nigeria, the mid-altitude region 
had one highly contaminated store, but generally had less contamination than other zones. 
 
b. Risk of multiple-toxin exposure 
It is critical to consider that mycotoxin mixtures are likely to occur naturally and these 
may alter immunity in an additive or synergistic manner. 
 
In the mid-altitude and humid forest ecologies of Cameroon, A. flavus and aflatoxin were 
not prevalent, but Fusarium spp. and the toxins produced by these fungi were. Accepted 
levels of Fumonisin 5ppm, and for DON 1ppm for children and 2ppm for adults. 
 
Table 4 .  F. moniliforme, F. graminearum and mycotoxin contamination of selected 
maize samples from rural areas in Cameroon, 1996 (from Ngoko, 1999) 
Village/ 
Farm no. 

F. moniliforme 
Incidence (%) 

F. graminearum 
Incidence (%) 

Fumonisin 
(FB1 ng/g) 

DON 
ng/g 

ZEA 
ng/g 

BB-1 6 6 1,700 200 <50 
BB-3 16 18  300 600 60 
BB-4 nd 22 nd 100 220 
NGT-3 6 2 1,900 100 <50 
NGT-8 12 nd 5,400 nd nd 
NGT-10 14 4 26,000 200 <50 
NGT-11 82 nd 11,600 nd nd 
ETD-5 20 6 3,800 100 50 
ETD-9 4 16 5,800 100 50 
ETD-11 30 nd 6,800 nd nd 
BL-2 nd 10 nd <100 <50 
NJK-6 10 16   600 300 50 
BKA-2 14 40 2,000 1,300 180 
BKA-3 48 18 1,100 600 1,100 
BKA-4 14 14 900 600 140 
Mid-Altitude: BB= Bambui; BL= Bali; NJM= Njinikom; BKA= Bamunka;  
Humid Forest: NGT= Ngat; ETD = Etoud; nd = not detected. 
 
In Bénin and Nigeria, although only aflatoxin was assessed, mixtures of mycotoxin 
producing fungi were found in all samples (Fig. 2).  It has been shown that grain can be 
simultaneousely contaminated with both aflatoxin in fumonisin (Hell, et al., 1996).  The 
presence of various mycotoxigenic fungi in grain in the southern Guinea savanna 
suggests that people are being exposed to multiple toxins. 
 
 
 
 



 
A Workshop hosted by the International Rice Research Institute, Los Banos, Philippines organized by  the 

International Food Policy Research Institute 

 

Figure 2.  Percent maize kernels from the southern Guinea Savanna of Bénin that 
were infected with 3 genera of fungi during four sampling periods (from Hell et al., 
1999). 
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Indicators of nutritional status of infants (Bénin) 
 
a. Growth faltering 
In Bénin, 12% of newborns have significantly low birth weight (Kodjogbé et al., 1997). 
 
Table 5. Percentage of children under 3 considered to be affected by malnutrition 
relative to demographic standards1 as measured by three anthropometric 
indicators: weight/age (W/A), weight/height (W/H), and weight/age (W/A) 
(Kodjogbé et al., 1997). 
 Stunting 

(W/A) 
Wasting (W/H) Underweight (W/A) N 

Age (months) -
3SD 

-2SD -3SD -2SD -3SD -2SD  

< 6 1.4 8.5 1.4 6.2 1.2 6.5 448 
6-11 3.7 13.4 2.3 19.5 7.6 27.4 447 
12-23 9.6 30.6 4.0 19.1 7.7 38.6 762 
24-35 13.0 38.4 2.3 10.5 11.4 35.4 616 
1 Summary of nutritional status indicators - % prevalence of severe (-3 standard 
deviations) and moderate (-2 standard deviations) anthropometric measurements of 
children below the median of a reference group (National Center for Health Statistics, 
US). 
 
These figures are in line with World Bank (1993) data for all sub-Saharan Africa that 
showed an average of 39% stunting for children aged 24-35, and 10% wasting for 
children 12-23. All indicators worsen from 6 months on when mothers begin to wean 
infants on to some solid foods.  This will be the most critical time for mycotoxin 
exposure, when immune systems are still developing. 
 
c. Morbidity and mortality factors 
Both food consumption and infectious diseases affect nutritional status, and viceversa.  
Child mortality increases proportionally with decreased weight/age (World Bank, 1993).  
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After six months children need solid food even if they are still breastfed. The 
composition and quality of this food are critical to continued good health and infant 
survival.  The weaning period from 6-23 months is when the anthropometric indicators 
are the least favourable.  This period is also when diarrhea, respiratory infection and 
fevers are at the highest (Table 6). 
 
If chronic mycotoxin exposure causes stunting, diarrhea, immune suppression, and 
increased morbidity in young animals, what does it do to young human beings?  Is there a 
cause and effect between mycotoxin exposure and the perinatal morbidity and mortality 
exhibited in Bénin and other parts of sub-Saharan Africa, particularly during the weaning 
period?  The principle weaning food in Bénin is made from maize with 78% at 6 months, 
86% at 12 months, and 94% at 24 months of the mothers listing maize meal and maize as 
what they had fed their children in the 24 hours prior to interview (Kodjegbé, et al. 1997). 
 
Table 6.  Prevlance of primary diseases in 2,678 children under 3 years of age in 
Bénin in the two weeks prior to interview (from Kodjegbé, 1997) 
Age (months) Diarrhea Respiratory Fever 
< 6 13.8 13.7 39.3 
6-11 32.6 19.9 62.9 
12-23 32.3 17.2 57.9 
24-35 23.3 12.7 53.8 
 
Strategy to approach the problem(s) of mycotoxin contamination in foods and feeds 
 
Nutrition Education.  Inducing behavioural change – thus enabling families to improve 
their diets even without additional income-is often the most cost effective way to improve 
nutritional status (World Bank, 1993). 
 
Various projects are being coordinated by IITA, with multiple partners and donors to try 
to reduce the amounts of mycotoxins that people are being exposed to in West Africa 
(Fig. 3). One 3-year project is designed and funded by Rotary International to conduct 
public information campaigns about the importance of consuming only good quality 
grain. A feasibility study will be conducted to look at methods for rendering poor-
quality grain safe for animal feeds in order to have an alternate market for the poorest 
quality grain to help remove it from the human foods sector.  A strategy for sustainable 
monitoring of markets will be put in place. Market demand should result in farmer 
demand for technologies to produce high quality maize grain for human consumption. 
  
To prepare a basket of technologies for on-farm reduction of contamination, a research 
project funded by the German BMZ and assisted by GTZ has 3 components: together 
with the USDA, basic research will be done to assess the potential of biological control of 
Aspergillus flavus to preclude aflatoxin contamination in all vulnerable crops. Applied 
agricultural research will use farmer participatory methods to optimise field to store 
commodity management practices to improve grain quality and reduce aflatoxin 
contamination, and to assess the costs to the farmer of adopting improved management 
practices. Impact will be assessed in a medical epidemiology component which will 
measure the effect of exposure to aflatoxin in rural maize-based systems on the immune 
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response to vaccination and on the growth of children under the age of 3. A Dutch socio-
economist will join the team to develop economic indicators for each research component 
to be used as ex-ante databases and covariates.  IITA is also working with the USDA to 
introduce host-plant resistance in maize to the mycotoxigenic fungi. 
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