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Abstract

Scope—The study aims to evaluate the status of dietary exposure to aflatoxin and fumonisin in
young Tanzanian children, using previously validated biomarkers of exposure.

Methods and results—A total of 148 children aged 12 to 22 months, were recruited from three
geographically distant villages in Tanzania; Nyabula, Kigwa and Kikelelwa. Plasma aflatoxin-
albumin adducts (AF-alb) and urinary fumonisin B1 (UFB1) were measured by ELISA and LC-
MS, respectively. AF-alb was detectable in 84% of children, was highest in fully weaned children
(p<0.01) with higher levels being associated with higher maize intake (p<0.05). AF-alb geometric
mean (95% CI) was 43.2 (28.7-65.0), 19.9 (13.5-29.2) and 3.6 (2.8-4.7) pg/mg albumin in
children from Kigwa, Nyabula and Kikelelwa, respectively. UFB1 was detectable in 96% of
children and the level was highest in children who had been fully weaned (p<0.01). The geometric
UFB1 mean (95% CI) was 327.2 (217.1-493.0), 211.7 (161.1-278.1) and 82.8 (58.3-117.7) pg/ml
in Kigwa, Nyabula and Kikelelwa, respectively. About 82% of all the children were exposed to
both mycotoxins.

Conclusion—Young children in Tanzania are chronically exposed to both aflatoxin and
fumonisin through contaminated diet, although the level of exposure varies markedly between the
three villages studied.
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1 Introduction

Aflatoxins are highly toxic metabolites of Aspergillus spp. commonly occurring in food
commaodities such as cereals, nuts and oil seeds [1-5]. Aflatoxin B1 is the most prevalent of
the aflatoxins and has been classified by the International Agency for Research on Cancer
(IARC) as a human carcinogen (Group 1) [5]. In addition to liver cancer, aflatoxin exposure
has been associated with impaired child growth [6-8], immune suppression [9, 10], low
birth weight [11], hepatomegaly [12], and outbreaks of acute toxicity [13, 14].

Fumonisins, which are mainly produced by Fusarium verticillioides, contaminate maize
worldwide [15], with fumonisin B1 (FB1) being the most abundant of those with biological
significance. FB1 has been categorised by IARC as being possibly carcinogenic in humans
(Group 2B) [16]. In ecological studies, fumonisin intake has been correlated with high
incidence of human oesophageal cancer in South Africa [17] and China [18]. Fumonisins
have been implicated in the incidence of neural tube defects [19, 20]. Furthermore, exposure
to fumonisins has been associated with growth retardation among young children in
Tanzania [21]. However, epidemiological studies of this exposure are relatively weak, partly
due to the previous lack of individual exposure biomarkers, which are now available [22].

Rural communities in Tanzania largely rely on maize as the staple dietary food. Maize also
forms the major ingredient of children’s weaning foods (i.e. complementary food that the
child eats during the breast-feeding period) in most rural households [23, 24]. This maize is
mainly consumed as thin porridge (uji) as well as stiff porridge (ugali). Recent studies in
Tanzania demonstrated that aflatoxins and fumonisins are frequent contaminants of maize in
rural areas [25]. For example; aflatoxin contamination at levels up to 158 ug/kg was detected
in 18% of maize samples in Tanzania [25]. More than half of home grown maize samples in
the country were contaminated with FB1 and FB2 at levels up to 11 mg/kg [26]. Aflatoxins
co-occurred with fumonisins in 10% of the maize samples, implying that the children are at
risk of exposure to both mycotoxins. It was estimated [23] that fumonisin exposure in a
quarter of Tanzanian infants exceeded the WHO provisional maximum tolerable daily intake
of 2 ug/kg body weight per day [27].

Food based exposure estimates are not as reliable as biomarker based exposure estimates,
but there are no data on biomarkers of dietary fumonisin and aflatoxin exposure in Tanzania.
Aflatoxin albumin adducts (AF-alb) in blood are known to be a good biomarker of aflatoxin
exposure over the preceding 2 to 3 months and have been widely used in human studies
[28]. Recently, urinary free fumonisin B1 (UFB1) has been developed as a biomarker of
recent exposure (1-2 days) to fumonisins and has been validated in both a Mexican
population [22] and an intervention study in South Africa [29].

Exposure to mycotoxins at an early age could be particularly detrimental. Due to their
immature detoxification capacity, rapid growth and higher intake relative to their body size,
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children could be more susceptible than adults to the effects of mycotoxins [30]. There is an
urgent need for the government and the community to understand the severity and breadth of
the problem in order to formulate effective interventions to prevent aflatoxin and fumonisin
exposure in Tanzanian people, particularly in young children. This study has determined
levels of AF-alb and UFB1 in young children in Tanzania.

2 Materials and methods

2.1 Study subjects and sample collection

This study was conducted in three villages in Tanzania; Nyabula, Kigwa, and Kikelelwa
from the Iringa, Tabora, and Kilimanjaro regions, respectively. The three regions are located
in different agro-ecological zones and represent different patterns of aflatoxin and fumonisin
contamination in the country [25].

Fifty-six, 37 and 55 children aged between 12 and 22 months old and apparently healthy, i.e.
without signs or symptoms of diseases, were surveyed from Nyabula, Kigwa and Kikelelwa,
respectively. One child was selected per family, based on the birth registration at a village
dispensary. Ethical approval was obtained from the National Institute of Medical Research
in Tanzania and the University of Leeds, United Kingdom (HSLT/09/005), following review
of the human subjects research proposal. Informed written consent was obtained from the
mothers of the children.

The survey was conducted six months after the maize harvest to include exposure that may
result from contamination during storage. Prior to the survey, a training session was
conducted for all the field workers. A questionnaire was administered to the mothers by field
workers to record the information on child age, sex, breastfeeding, maize intake and family
socio-economic status (SES). Each child’s body weight (b.w.) was measured by following
the standard procedure with two repeats and recorded to the nearest 0.1 kg. Diet information
was recorded at two consecutive days using a 24 hour dietary recall questionnaire. For each
child, maize intake per kg body weight (kg b.w.) was calculated based on the child’s maize
intake per day and body weight. SES was calculated on a weight-basis score system based
on family house type in terms of floor, wall and roof materials. The house scores were
categorised into three groups and, based on the obtained score, families were regarded as of
low, medium or high SES. House construction materials used for wall, roof and floor were
considered as suitable indicators of SES because they reflect level of family income and
education.

Two millilitres of venous blood were collected from each child by a qualified nurse. The
plasma was separated by centrifugation at a local hospital. Morning urine was collected by
the mother (who had been given pre-training on urine collection), using paediatric urine
bags. Urine samples were collected on two consecutive days in order to obtain a
representative estimate of exposure, given the rapid excretion of fumonisin. Samples of
blood were collected on the day that the second sample of urine was collected. Both the
plasma and the urine samples were kept at —20°C before being shipped in dry ice to the
University of Leeds, United Kingdom for biomarker analysis.
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2.2 AF-alb analysis

Plasma AF-alb levels were determined following the previously described method [31]. This
procedure involved albumin extraction, digestion, purification and ELISA. For quality
control purposes, three positive and one negative control samples were analyzed with each
batch of samples. Samples were measured in quadruplicate on at least two occasions on
separate days and coefficients of variation were less than 25%. The detection limit for the
assay was 3 pg/mg of AF-alb. Any samples with AF-alb below this limit were assigned a
value of 1.5 for the purpose of data analysis.

2.3 Urinary FB1 analysis

The UFB1 was measured using an HPLC/MS method as previously described [22]. Briefly,
10 ml of urine was diluted with an equal volume of distilled water and 1.6 ng of deuterium
labelled FB1 (FBd6, a gift from Prof Hans-Ulrich Humpf, University of Minster, Germany)
was added as an internal standard. The FB1 was isolated by solid phase extraction using a
3CC Oasis® MAX cartridge (Waters, UK) as per manufacturer’s instructions. The eluate
was dried under vacuum and reconstituted in 200 ul methanol/water (1:1, v/v) before
injection onto the HPLC-mass spectrometer (Waters Corp, Milford, MA, USA). Selective
ion monitoring mode was set at two functions to detect FB1 (m/z 722) and FBd6 (m/z 728),
respectively. One negative sample and one sample spiked with FB1 were processed together
with each batch of urine samples. The limit of detection was 20 pg FB1/ml of urine. Any
samples below this limit were assigned a value of 10 pg FB1/ml for the purposes of data
analysis. The mean UFB1 of the two days samples was calculated to represent the exposure.

2.4 Statistical analysis of data

3 Results

AF-alb and UFB1 data were natural log transformed, as they were not normally distributed.
For continuous variables, differences between or among groups was compared using
student’s t-test or analysis of variance. Chi-square test was performed in the case of
categorical variables. Correlation and multiple regression analyses were used to assess the
relationship between biomarkers and key factors. A p-value <0.05 was considered
statistically significant. Statistical analysis was performed using the STATA® 11.1
(StataCorp LP, USA) statistical package.

3.1 Demographic characteristics of subjects

The demographic data are presented by village in Table 1. The mean age of the children was
17 months, ranging from 12 to 22 months. The mean body weight of the children was 9.4
kg, ranging from 5.6 to 13.5 kg. The majority of mothers of the study children (88%) had
received only primary education. Ninety-five percent of the participating families were
subsistence farmers. Household SES in Kikelelwa was significantly higher than that of the
other two villages (p<0.001).
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3.2 Child feeding and maize intake

At the time of the survey, 22% of children were fully weaned and 78% partially breast fed
(Table 1). On average, complementary feeding started at 4 months of age (range, 0 to 6
months). Maize was the main ingredient of complementary food, normally prepared and
consumed as thin or stiff porridge. The mean maize intake was 12.1, 8.9, and 7.9 g/kg b.w.
at Nyabula, Kigwa, and Kikelelwa, respectively. The maize intake was statistically higher in
Nyabula than in Kigwa (p<0.01) or Kikelelwa (p<0.001). The frequencies of maize
consumption amongst the three villages follow the same trend (see Table 1).

3.3 Aflatoxin exposure

Plasma samples were obtained from 146 children out of 148 who were recruited. Of the 146
children, 84% were positive for AF-alb (Table 2). The prevalence of positive AF-alb was
96% in Nyabula, 97% in Kigwa and 61% in Kikelelwa, respectively. The overall geometric
mean of AF-alb (95% CI) was 12.9 (9.9-16.7) pg/mg albumin. Kigwa had the highest AF-
alb mean level; 43.2 (28.7-65.0) pg/mg, followed by Nyabula 19.9 (13.5-29.2) pg/mg, with
Kikelelwa being the lowest at 3.6 (2.8-4.7) pg/mg. The mean levels differed significantly
between villages (p<0.001). AF-alb positively correlated with the child’s age (p<0.001). The
mean AF-alb level in children who were fully weaned was more than double that in the
partially weaned children [24.7 (14.3-42.6) pg/mg versus 10.7 (8.0-14.3) pg/mg, (p<0.01)].
There was no difference in AF-alb levels between boys and girls.

There was a positive correlation between AF-alb and maize intake (r=0.267, p=0.001)
(Figure 1a). Higher levels of AF-alb were associated with higher maize intake (3=0.049,
p=0.012), after adjustment for SES, child’s age and village in a multivariate regression
model (Table 3). In this model, the association between age and AF-alb remained significant
(p=0.122, p=0.026). Village remains the strongest determinant for AF-alb (p<0.001). SES
was found to be significantly correlated with AF-alb in the univariate analysis (P<0.001),
but the correlation was not significant in this multivariate regression model (Table 3).

3.4 Fumonisin exposure

One hundred and forty seven children had urine samples available and analysed, and of
these, 96% were positive for UFB1 (Table 2). The overall geometric mean of UFB1 (95%
Cl) was 167.3 (135.4-206.7) pg/ml of urine. Kigwa had the highest UFB1 geometric mean
327.2 (217.1-493.0) pg/ml, followed by Nyabula at 211.7 (161.1-278.1) pg/ml, while
Kikelelwa had the lowest at 82.8 (58.3-117.7) pg/ml. The difference between Kikelelwa and
the other two villages was statistically significant (p<0.001). The UFBL1 levels were
significantly higher in children who were fully weaned than in those partially weaned; 293.2
(189.4-453.7) pg/ml versus 142.2 (112.3-180.3) pg/ml (p<0.01). UFB1 was positively
correlated with the child’s maize intake (r=0.241, p=0.003) (Figure 1b). Multivariate
regression analysis showed that village and maize intake remained significantly associated
with UFB1 (p<0.05 for both) while SES was not significant (Table 3). UFBL1 levels were not
correlated with child’s sex or age.
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3.5 Co-exposure of aflatoxin with FB1

AF-alb and UFB1 were both detected in 82% of children. Kigwa village had the highest rate
of co-exposed children (36/37), followed by Nyabula (53/55) then Kikelelwa (30/54).
Overall, there was a significant positive correlation between levels of UFB1 and AF-alb in
the children (r=0.375; p<0.001, Figure 2). Within each village, however, a significant
positive correlation was only observed in Kigwa where levels of both biomarkers were
highest (r=0.388, p=0.018).

4 Discussion

4.1 Levels of exposure

The high detection rate for AF-alb in these children (84% in total) shows that aflatoxin
exposure is prevalent in this population from a very early age. The overall AF-alb level
found in this study is lower than those reported in children from some other parts of Africa,
such as 32.8 pg/mg in Togo and Benin [32], 22.3 pg/mg in Gambia [10] and 206.5 pg/mg
and 73.2 pg/mg in two neighbouring villages in Kenya [12]). This is partly because the other
studies included children at an older age. Indeed younger children (<20 months old) in the
Benin and Togo study (unpublished data) showed a similar level of AF-alb as the Tanzanian
children, while the high AF-alb detected in Kenya was in much older children aged 6-17
years. In addition, one key determinant of the aflatoxin exposure is village location, which
showed great variation in the AF-alb levels and maize consumption levels.

To date, there is no published information about levels of UFB1 in young children. In this
study almost all of the children were exposed to this toxin, as revealed by the presence of the
UFB1 biomarker. The overall levels of UFB1 were lower than those reported in South
African adults [29] but higher than levels previously reported in adults in Mexico [22]. A
few factors may contribute to this, for example, a different method of food processing and
cooking, a lower level of fumonisin contamination in maize, or possibly differences in urine
excretion by population or age.

A previous study in South Africa [29] reported a less than 0.1% estimated urinary excretion
of FB1. However, a recent controlled study on American adults consuming maize of known
concentration of FB1 contamination demonstrated that, on average, 0.5% of the toxin intake
is excreted in urine [33]. It is possible that FB1 excretion in adults may not be comparable to
that of young children. These variations in the UFB1 levels across populations indicate the
need for further study to examine the physiological mechanism of FB1 excretion in urine
among different age and ethnic groups.

4.2 Influence of village on exposure

There was variation between exposure levels to aflatoxin and FB1 in different villages, with
levels of both AF-alb and UFBL1 being higher in children from Kigwa, followed by Nyabula,
and then Kikelelwa. There was a twelvefold difference in mean AF-alb levels between
Kigwa and Kikelelwa and a fourfold difference in mean UFB1 between the same two
villages. The main factors contributing to these differences are thought to be variation in
food intake, or in the case of aflatoxin, maize storage and harvest practices, which could
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lead to different levels of fungal contamination between villages. It is notable that aflatoxin
levels can increase markedly during storage, whilst fumonisins are predominantly a field
problem, with little change during storage. The current biomarker data are in agreement with
a previous study of foods [25], which reported on the widespread contamination of both
aflatoxin and fumonisin in Kigwa compared with Nyabula and Kikelelwa. This finding of
geographical location as a determinant of mycotoxin exposure is further supported by other
studies in Africa [12, 32, 34, 35].

4.3 The impact of age, weaning status and maize intake on exposure

In the current study maize intake and age are found to be significant contributors to AF-alb
level. Although it is possible that contaminated groundnuts could also contribute to aflatoxin
intake, groundnut consumption is not as significant in Tanzania as it is in some other parts of
Africa. In agreement with a previous study in Benin [32], the age of a child significantly
contributes to the level of AF-alb, largely owing to increasing intake of complementary food
as the child gets older, up to around three years old. This age-dependent effect is not seen in
older children, for example in 6-17 year olds studied in Kenya [12]. The result confirmed
the previous reasoning [32] that age is a surrogate indicator of increased maize intake and
reduced breastfeeding of a child.

Maize intake but not age was found to be associated with fumonisin exposure. The
association between maize intake and UFB1 shows that the biomarker is a good indicator of
fumonisin intake. Consistently higher maize intake and higher levels of UFB1 were found in
children from villages of Kigwa and Nyabula than in Kikelelwa. Children from Kikelelwa
village on average eat less maize on a daily basis compared to the other villages due to the
availability of other food options. The findings from this study were in agreement with
studies on adults in Mexico [22] and China [36], which found higher mean UFBL1 in
participants from the high maize consumption group compared to the low consumption
group. Further to previous studies in adults [22, 29, 33, 36], this data confirmed that UFB1 is
a potential biomarker to assess fumonisin exposure in young children, but it is possible that
the exposure biomarker relationship in young children may not be comparable to adults due
to differences in physiological mechanisms that may influence FB1 excretion in urine. This
needs to be addressed by more studies designed to test differences in FB1 excretion in urine
in children compared to adults.

AF-alb and UFBL in this study were significantly higher in children who were fully weaned
than in those who were partially weaned and this is in good agreement with other studies on
aflatoxin conducted in Benin and Togo and in Egypt [32, 37]. According to Egal and co-
workers [38], the intake of solid foods and consequently aflatoxin will increase once a child
stops consuming breast milk. On the other hand, it has been hypothesized that high AF-alb
adduct levels in children who are not currently breastfed might be due to a possible
protective effect of breast milk on the intestinal absorption of the toxin or its effect on the
metabolism to active metabolites but this is as yet unsupported by experimental data [37].
Our finding that fumonisin exposure shares the same trend as aflatoxin, i.e. both increased
when complementary food was being introduced, suggests that the increase in consumption
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of contaminated maize-based food is the driving force behind the increased exposure with
age.

In conclusion, with the biomarker approach used here, this study provides for the first time
detailed quantitative exposure data on aflatoxin and fumonisin in Tanzanian children, and
confirms the previous findings of widespread fumonisin and aflatoxin exposure in young
Tanzanian children through maize intake. Importantly, the study demonstrates the use of
UFB1 as a biomarker of fumonisin exposure in young children, although further analyses to
understand the biological mechanism and individual variation of FB1 excretion in urine of
young children are crucial. This study highlights the need to understand the health effects of
co-exposure to two toxic dietary contaminants in young children and for education and
intervention for mycotoxin control in these vulnerable populations.
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Figure 1.
Figure 1a. Scatter plot of maize intake per kg b.w. against levels of AF-alb (AF-alb is

natural log transformed), the linear regression line showing maize intake is positively
correlated with blood AF-alb level (n=146; correlation coefficient =0.267; p=0.0011).
Figure 1b. Scatter plot of maize intake per kg b.w. against levels of UFB1 (UFB is natural
log transformed), the linear regression line showing maize intake is positively correlated
with UFBL1 level (n=147; correlation coefficient=0.241; p=0.0033).
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Figure2.

Scatter plot of levels of AF-alb and UFBL in all villages (both variables are natural log
transformed), the linear regression line showing blood AF-alb level is positively correlated
with UFB1 level (n=145; correlation coefficient=0.375; p<0.001).
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