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Abstract.
In Kenya’s Eastern province, the consumption of the dietary staple maize meal – ugali- presents a significant risk for premature
deaths. The aridity of the region provides ideal conditions for the fungi, aspergillus flavus to thrive. This fungus produces the
aflatoxin poison, which contaminates 25% of food crops worldwide. However, the most extreme exposures globally have been
documented in Kenya’s Eastern province resulting in over 600 deaths. A comparative analysis was done on peer-reviewed
literature to identify risk factors linked to increased human exposure to aflatoxins, disease outcomes and possible intervention
strategies to mitigate exposure. In Kenya, locally produced maize has aflatoxin levels that exceed government recommended
level of 20 parts per billion [ppb] by thousands. The main target organ of aflatoxin is the liver, and thus jaundice, sudden liver
failure and other liver related diseases are reportedly the main cause of deaths following aflatoxin exposure. Cost effective
intervention strategies include cultivating drought resistant maize strains, proper drying and storage practices and promotion of
diversified dietary options have been proposed.
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Introduction
In the tropical and subtropical regions of the world, hot and
humid conditions provide ideal environments for a group of
fungus known as aspergillus to thrive. While there are many
different species of the aspergillus fungi, the strains
aspergillus flavus and aspergillus parasiticus are known to
produce aflatoxins. Aflatoxins are naturally occurring and
are recognized food poisons prevalent in maize, peanuts,
cassava, spices and other nuts. These food products form the
basis of diet staples in many low and middle-income
countries. Over 4.5 billion people are exposed to aflatoxin
contamination through their diets. In addition, due to
increased global trading, aflatoxins have also been found in
imported food products in both the United States and the
European Union.
Aflatoxins are intensely fluorescent to ultraviolet light and
thus categorization depends on color emitted and level of
toxicity. For instance, Aflatoxin B1 [AFB1] and Aflatoxin
B2 [AFB2] emit blue light while Aflatoxin G1 [AFG1] and
Aflatoxin G2 [AFG2] emit yellow-green fluorescence under
ultraviolet light. There are other groupings of aflatoxins but
most of them are degradation products of the above four
major categories. AFB1 is the most toxic form of all the
aflatoxins. AFB1 is an established carcinogen, potent
immune-toxicant and anti-nutritional agent (IARC, 1993,
2004; Williams et al., 2004). Human exposure to aflatoxins
is prevalent and can occur to unborn fetus in utero, via breast
milk, during weaning and consistently throughout an
individual’s lifetime (Y. Y. Gong et al., 2003; P. C. Turner
et al., 2007).
Short term exposures to extremely high doses of aflatoxins
in the diet results in aflatoxicosis – a disease characterized

by jaundice, hemorrhage, acute liver damage, edema and
sometimes death. On the other hand, consistent long-term
exposure to low quantities of aflatoxins in the diet
contributes to development of primary liver cancer (de
Oliveira & Germano, 1997; Ledda et al., 2017; Wang et al.,
2001). Since aflatoxins are naturally occurring, it is not
possible to eliminate exposure completely. Subsequently,
regulatory limits set in different countries range from 4 –
30ppb for humans and up to 300 ppb in animal feeds.
Globally, aflatoxicosis incidences are prevalent in Kenya’s
Makueni County and other counties in close proximity.
Over 600 deaths have been documented from recurrent
aflatoxins outbreaks over the years in Kenya.
The Study
In this study, an assessment of peer-reviewed literature on
Aflatoxins and associated health effects was evaluated with
special focus on Kenya where aflatoxin contamination is a
recognized public health problem.
Findings
Aflatoxin contamination to both farm animals and people is
widely documented in Kenya. The very first documented
poisoning was reported in ducklings in a white settler farm
in former rift valley province. Over 16,000 ducklings died
after consuming groundnut feed that was contaminated with
aflatoxins (Peers & Linsell, 1973). In 1977, dogs and
poultry died in large numbers in Nairobi, Mombasa and
Eldoret after they were fed with aflatoxin-contaminated
grains (FAO/WHO/UNEP, 1977). Reported deaths of farm
animals have long been recognized as a signal for high
aflatoxin levels in animal feed.
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In 1981, the first occurrence of human deaths from
consumption of aflatoxin-contaminated maize was reported
in Machakos. Preceding human deaths, numerous deaths
had been reported for dogs, poultry and other farm animals.
Shortly afterwards, 20 people fell ill and visited health
facilities for symptoms related to acute hepatitis. The
patients were admitted at the hospital and treated
conservatively. While 8 patients recovered, 12 of the
patients developed hepatic failure and died between 1 to 12
days after admission at the hospitals (Ngindu et al., 1982).
In 1987, up to 3 people in Meru North suffered from acute
effects related to consumption of aflatoxin-contaminated
maize and eventually died (Autrup, Seremet, Wakhisi, &
Wasunna, 1987). Between 1988 and 2000, there is limited
documentation of aflatoxin related outbreaks in Kenya,
however, intermittent exposure to aflatoxins in low
quantities over a long period of time increases the risk of
developing hepatitis and other liver related diseases. In
addition, many cases go unreported, as many villagers may
choose not go to the hospital. During the 1981 aflatoxicosis
outbreak, the reported meantime from onset of aflatoxin
related symptoms to hospital admissions was about
10.2days (Ngindu et al., 1982). Since published literature
captures affected individuals who visit health care facility,
there is a possibility that the burden of aflatoxicosis is
underestimated.
Moreover, 2001, 16 deaths were reported in Maua, Meru
County after consumption of moldy maize. In 2002, large
numbers of dogs and poultry also succumbed to death in
Coast after consumption of contaminated feed (Probst,
Njapau, & Cotty, 2007). The worst and most reported
outbreak of aflatoxicosis happened in 2004 in Makueni,
Kitui, Machakos and Thika Counties of Kenya. About 317
patients were admitted in hospitals after display of
symptoms such as abdominal discomfort, jaundice, and
low-grade fever. Kenya’s Ministry of Health invited the
United States Center for Disease Control and the World
Health Organization to probe into the aflatoxicosis outbreak
[CDC 2004]. Meanwhile, 125 people died shortly after
hospital admissions (Lewis et al., 2005). The results
revealed that the deaths were attributed to high aflatoxin
levels found in maize grains collected from the affected
households. Maize samples from affected households had
aflatoxin levels of up to 8,000 ppb when the recommended
levels are 20ppb (Azziz-Baumgartner et al., 2005; Daniel et
al., 2011).
Numerous studies have been completed after the
2004/2005-aflatoxicosis outbreak in Kenya. Makueni is the
most affected region due to significant plant stress from
drought conditions, which leaves crops vulnerable to
aflatoxin contamination. In addition, food insecurity
promotes storage of maize in hot humid households, thus
providing ideal conditions for the aflatoxin producing
aspergillus fungi to thrive. The government of Kenya has in
the past provided replacement maize to affected household
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[CDC 2004]. Currently, the county government is tasked
with similar efforts. For instance, in July 2017, the county
government of Makueni delivered 10,600 bags of maize
consignments to educational institutions in response to
drought conditions. The county government ensured that
maize was tested for safe levels of aflatoxins. Nevertheless,
long term solutions that will ensure food safety and total
eradication of aflatoxin contamination of maize in Makueni
and other counties must be initiated.
Discussion and Conclusion
In Kenya, aflatoxin contamination is a recognized public
health problem that can occur when the crops are still in the
fields or after harvesting. The much-needed interventions to
mitigate widespread exposure can therefore be initiated preharvest or post-harvest (Khlangwiset & Wu, 2010). Preharvest strategies that have been implemented include field
inoculation with non-toxic aflatoxigenic fungi, use of
pesticide and irrigation to minimize plant stress and
vulnerability to infestation by the aflatoxin producing fungi.
During post-harvest, satisfactory drying of maize to less
than 10% moisture content is ideal followed by storage in
conditions that allow adequate airflow.
Other strategies include dilution where highly contaminated
grain is mixed with grain of low contamination to avoid
economic losses that may ensue from destroying the maize.
In Mexico, decontamination is achieved through
nixtamalization, where maize is soaked and cooked in
limewater before food products are made. The process is
very efficient and results in over 90% reduction of aflatoxin
in maize. There are other efforts targeted towards affected
humans such as chemoprevention and use of drug therapy
(Kensler et al., 1998). Chemoprevention or drug
components used either increase detoxification processes
within the body or prevent the formation of toxic biological
metabolites that promote disease outcomes. These processes
are expensive and could result in long-term side effects.
Moreover, use of entero-sorbents such as novasil clay has
been proposed as a short-term intervention during
aflatoxicosis outbreaks (Afriyie-Gyawu et al., 2008;
Williams et al., 2004).Novasil clay binds aflatoxin in the
human body and thus facilitates elimination through fecal
matter.
While there is robust evidence on the contributory role of
aflatoxins to primary liver cancer (Wang et al., 2001;
Wogan, Kensler, & Groopman, 2012), recent epidemiology
studies have shown that dietary exposure to aflatoxins also
contributes to micronutrient deficiency(Y. Gong et al.,
2004; Watson, Gong, & Routledge, 2017), immune
suppression (Paul C. Turner, Moore, Hall, Prentice, & Wild,
2003) and growth impairment in children (Y. Gong et al.,
2004). Due to these recognized adverse health effects
associated with aflatoxin contamination, further studies
should be done to provide an in depth understanding of the
mechanism of action of aflatoxins in the human body.
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Successful eradication of aflatoxin contamination is
possible when multiple key players in Agriculture, Public
Health and Community members work together. Successful
intervention has been reported in Qidong, China.
Historically, Qidong region was characterized by high
prevalence of primary liver cancer. Before 1980, locally
produced maize, which was the dietary staple in Qidong,
was characterized by high levels of aflatoxins. In 1980s
however, agricultural and food policy reforms were
extensively implemented in Qidong’s region resulting in a
shift from maize to rice production. Normally, rice is more
resistant to aflatoxin contamination and gradually, Qidong’s
population adapted rice as the dietary staple. Progressively,
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aflatoxin contamination decreased from 100% to 23% and
up to 65% reduction of mortality from liver cancers was
reported in Qidong’s Cancer Registry (Chen et al., 2013).
In conclusion, similar cost effective interventions can be
promoted in Kenya and other countries’ that are over reliant
on maize as a dietary staple. Increased campaigns to shift
from maize-based dietary staple to consumption of food
products that are less vulnerable to aflatoxin contamination
such as bananas, potatoes, rice, sorghum or millet based
ugali are local solutions that can be easily implemented to
mitigate long term health effects associated with
consumption of aflatoxin contaminated maize.

References
Afriyie-Gyawu, E., Ankrah, N. A., Huebner, H. J., Ofosuhene, M., Kumi, J., Johnson, N. M., . . . Phillips, T. D. (2008). NovaSil
clay intervention in Ghanaians at high risk for aflatoxicosis. I. Study design and clinical outcomes. Food Addit Contam,
25(1), 76-87.
Autrup, H., Seremet, T., Wakhisi, J., & Wasunna, A. (1987). Aflatoxin exposure measured by urinary excretion of aflatoxin B1guanine adduct and hepatitis B virus infection in areas with different liver cancer incidence in Kenya. Cancer Res,
47(13), 3430-3433.
Azziz-Baumgartner, E., Lindblade, K., Gieseker, K., Rogers, H. S., Kieszak, S., Njapau, H., . . . Slutsker, L. (2005). Case-control
study of an acute aflatoxicosis outbreak, Kenya, 2004. Environ Health Perspect, 113(12), 1779-1783.
Chen, J.-G., Egner, P. A., Ng, D., Jacobson, L. P., Muñoz, A., Zhu, Y.-R., . . . Kensler, T. W. (2013). Reduced Aflatoxin Exposure
Presages Decline in Liver Cancer Mortality in an Endemic Region of China. Cancer prevention research (Philadelphia,
Pa.), 6(10), 1038-1045. doi:10.1158/1940-6207.CAPR-13-0168
Daniel, J. H., Lewis, L. W., Redwood, Y. A., Kieszak, S., Breiman, R. F., Flanders, W. D., . . . McGeehin, M. A. (2011).
Comprehensive assessment of maize aflatoxin levels in Eastern Kenya, 2005-2007. Environ Health Perspect, 119(12),
1794-1799. doi:10.1289/ehp.1003044
de Oliveira, C. A., & Germano, P. M. (1997). [Aflatoxins: current concepts on mechanisms of toxicity and their involvement in
the etiology of hepatocellular carcinoma]. Rev Saude Publica, 31(4), 417-424.
FAO/WHO/UNEP. (1977). Report of the Joint FAO/WHO/UNEP Conference on Mycotoxins held in Nairobi, 19-27 September
1977/under the joint sponsorship of the Food and Agriculture Organization of the United Nations, the World Health
Organization and the United Nations Environment Programme.
Gong, Y., Hounsa, A., Egal, S., Turner, P. C., Sutcliffe, A. E., Hall, A. J., . . . Wild, C. P. (2004). Postweaning exposure to
aflatoxin results in impaired child growth: a longitudinal study in Benin, West Africa. Environ Health Perspect, 112(13),
1334-1338.
Gong, Y. Y., Egal, S., Hounsa, A., Turner, P. C., Hall, A. J., Cardwell, K. F., & Wild, C. P. (2003). Determinants of aflatoxin
exposure in young children from Benin and Togo, West Africa: the critical role of weaning. Int J Epidemiol, 32(4), 556562.
IARC. (1993). Some naturally occurring substances: food items and constituents, heterocyclic aromatic amines and mycotoxins
IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans (Vol. 56). Geneva; Switzerland:
World Health Organization.
IARC. (2004). IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Vol. 82, Some Traditional Herbal
Medicines, Some Mycotoxins, Naphthalene and Styrene. PHYTOCHEMISTRY, 65(1), 139.
Kensler, T. W., He, X., Otieno, M., Egner, P. A., Jacobson, L. P., Chen, B., . . . Helzlsouer, K. J. (1998). Oltipraz chemoprevention
trial in Qidong, People&#039;s Republic of China: modulation of serum aflatoxin albumin adduct biomarkers. Cancer
Epidemiology Biomarkers &amp;amp; Prevention, 7(2), 127.
Khlangwiset, P., & Wu, F. (2010). Costs and efficacy of public health interventions to reduce aflatoxin–induced human disease.
Food Addit Contam Part A Chem Anal Control Expo Risk Assess, 27(7), 998-1014. doi:10.1080/19440041003677475
Ledda, C., Loreto, C., Zammit, C., Marconi, A., Fago, L., Matera, S., . . . Rapisarda, V. (2017). Noninfective occupational risk
factors for hepatocellular carcinoma: A review (Review). Mol Med Rep, 15(2), 511-533. doi:10.3892/mmr.2016.6046
Lewis, L., Onsongo, M., Njapau, H., Schurz-Rogers, H., Luber, G., Kieszak, S., . . . The Kenya Aflatoxicosis Investigation, G.
(2005). Aflatoxin Contamination of Commercial Maize Products during an Outbreak of Acute Aflatoxicosis in Eastern
and Central Kenya, 1763.
41

Wangia R.N. |KESSA Conference Proceedings 2017 | 39-42

http://www.kessa.org

Ngindu, A., Johnson, B. K., Kenya, P. R., Ngira, J. A., Ocheng, D. M., Nandwa, H., . . . Siongok, T. A. (1982). Outbreak of acute
hepatitis caused by aflatoxin poisoning in Kenya. Lancet (London, England), 1(8285), 1346-1348.
Peers, F. G., & Linsell, C. A. (1973). Dietary aflatoxins and liver cancer--a population based study in Kenya. Br J Cancer, 27(6),
473-484.
Probst, C., Njapau, H., & Cotty, P. J. (2007). Outbreak of an acute aflatoxicosis in Kenya in 2004: identification of the causal
agent. Appl Environ Microbiol, 73(8), 2762-2764. doi:10.1128/aem.02370-06
Turner, P. C., Collinson, A. C., Cheung, Y. B., Gong, Y., Hall, A. J., Prentice, A. M., & Wild, C. P. (2007). Aflatoxin exposure
in utero causes growth faltering in Gambian infants. Int J Epidemiol, 36(5), 1119-1125. doi:10.1093/ije/dym122
Turner, P. C., Moore, S. E., Hall, A. J., Prentice, A. M., & Wild, C. P. (2003). Modification of Immune Function through Exposure
to Dietary Aflatoxin in Gambian Children, 217.
Wang, J.-S., Huang, T., Su, J., Liang, F., Wei, Z., Liang, Y., . . . Groopman, J. D. (2001). Hepatocellular Carcinoma and Aflatoxin
Exposure in Zhuqing Village, Fusui County, People’s Republic of China. Cancer Epidemiology Biomarkers &amp;
Prevention, 10(2), 143-146.
Watson, S., Gong, Y. Y., & Routledge, M. (2017). Interventions targeting child undernutrition in developing countries may be
undermined by dietary exposure to aflatoxin. Crit Rev Food Sci Nutr, 57(9), 1963-1975.
doi:10.1080/10408398.2015.1040869
Williams, J. H., Phillips, T. D., Jolly, P. E., Stiles, J. K., Jolly, C. M., & Aggarwal, D. (2004). Human aflatoxicosis in developing
countries: a review of toxicology, exposure, potential health consequences, and interventions. Am J Clin Nutr, 80(5),
1106-1122.
Wogan, G. N., Kensler, T. W., & Groopman, J. D. (2012). Present and future directions of translational research on aflatoxin and
hepatocellular carcinoma. A review. Food Addit Contam Part A Chem Anal Control Expo Risk Assess, 29(2), 249-257.
doi:10.1080/19440049.2011.563370

42

