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ABSTRACT

The mould species fungi encompass among others the family of Aspergillus which
produce and secrete a number of compounds toxic to human health, namely the
aflatoxins. These mycotoxins are converted to secondary metabolites that exert the
often detrimental biological effect, and they are commonly found in various foods
such as fruits, nuts, seeds, and grains. Members of the Aspergillus family thrive in
wet and humid conditions, so they are particularly prevalent in regions with a tropical
climate, for example in countries in sub-Saharan Africa. Aflatoxins are a type of
mycotoxins considered to be among the most known potent mutagenic and
carcinogenic substances. For example, it can cause liver cancer. Importantly,
aflatoxins often contaminate weaning foods consumed by small children. This topical
review outlines the evidence on the associations between aflatoxin exposure and
impaired linear growth (stunting, that is low height/length for age) in small children
(aged 4 months to 5 years) from sub-Saharan Africa. Ten studies were retrieved
from the database PubMed after considering predefined inclusion and exclusion
criteria. Six out of the ten studies found a significant inverse association between
increased aflatoxin exposure and stunted child growth. Although aflatoxin exposure
and stunting prevalence were high and widespread in most of the included studies,
in general, studies conducted in Western Africa had the highest aflatoxin exposure
and stunting prevalence. The only included randomized controlled trial found that a
diet aimed at reducing aflatoxin exposure significantly improved linear growth in
children at 13, but not at 22, months of age. The evidence suggests that aflatoxins
have an impact on linear growth among children aged 4 months to five years.
Possibly there is a threshold value for aflatoxin exposure before a significant impact
on growth can be identified. Raised awareness and management strategies for the
high aflatoxin exposure rates in sub-Saharan Africa and its negative health effects,
in particular stunted child growth, are warranted.

Key words: Aflatoxin, children, diet, linear growth, stunting, sub-Saharan Africa,
topical review

Acronyms: AFB1- aflatoxin B1; FAO-Food and Agriculture Organization; SSA-sub-
Saharan Africa; WHO-World Health Organization
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INTRODUCTION

According to the World Health Organization (WHO) and The Food and Agriculture
Organization (FAO), aflatoxins are among the most potent mutagenic and
carcinogenic substances known [1]. They can be fatal if the exposure is very high
during a short period of time, resulting in acute aflatoxicosis [1]. Long-term
consequences of high aflatoxin exposure are for example liver cancer and immune
dysfunction [2, 3, 4]. A debated consequence of aflatoxin exposure is impaired child
growth, but the underlying mechanisms are not fully understood [1, 5, 6, 7, 8, 9].
Aflatoxin levels in food and feed are often well regulated and low in high-income
countries, but for example in sub-Saharan Africa (SSA), high aflatoxin exposure is
widespread [8, 10, 11, 12, 13].

Aflatoxins are mycotoxins produced as secondary metabolites by specific moulds in
the Aspergillus family, particularly Aspergillus flavus, Aspergillus parasiticus and
Aspergillus niger. These fungi are commonly found in food, especially in dried or
drying foods, such as fruits, nuts, seeds, and grains. The fungi are especially
prevalent in hot and humid conditions, and when post-harvest storage environment
is not optimal [8]. The most toxic type of aflatoxin is aflatoxin B1 (AFB1]). Aflatoxin
M1 and aflatoxin M2 are metabolites of AFB1 which can only be found in meat and
milk products, for example in human breast milk if the mother is exposed to aflatoxins
[8]. After intake of AFB1, it covalently binds to serum albumin. When the albumin-
AFB1 complex is degraded in the body, AFB1-lysine is released, yielding a
biomarker of aflatoxin exposure. Albumin-AFB1 is measured in serum or plasma
samples using enzyme-linked immunoabsorbent assay (ELISA), while AFB1-lysine
in serum or plasma can be detected by using isotope dilution mass spectrometry or
high-performance liquid chromatography (HPLC). Although the measurements of
albumin-AFB1 and AFB1-lysine are closely related, according to Scholl et al. [14]
they are analytically distinct biomarkers of aflatoxin and AFB1 exposure,
respectively. The albumin-aflatoxin and AFB1-lysine biomarkers both represent the
exposure of aflatoxin the last two to three months [15]. Scholl et al. [14] found that
albumin-aflatoxin measured by ELISA, is on average 2.6-fold greater than those of
the AFB1-lysine measurements. Therefore, when comparing aflatoxin levels in
humans between different studies, it must be considered which measurements and
analysis are used [14, 16]. Another method of measuring aflatoxin concentration in
blood is by using albumin-normalized AFB1-lysine. People have different amounts
of albumin in their blood, and this method normalises the AFB1-lysin to the albumin
level in the individual [17].

Maize and groundnuts are among the commodities with an increased risk for
contamination by aflatoxins, and these foods often contribute to various diets in low-
resource settings, leading to high aflatoxin exposure, particularly in pregnant women
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and their infants [13, 18, 19, 20, 21]. In sub-Saharan Africa, maize and groundnuts
are staple household food products, and the hot and humid environment makes the
crops easily contaminated with aflatoxins [8, 11, 22]. Even though there are strict
regulations on aflatoxin contamination in several sub-Saharan African countries,
many people consume maize and groundnuts that have not undergone any
inspections. The most affected populations are smallholder farmers who are highly
dependent on subsistence farming. In addition, food safety is also a major problem
among urban people who mainly live in informal settings such as townships and
slums [11, 22]. Low income in these households leads to a low diversity in their diets,
which may encourage high consumption of aflatoxin-contaminated maize, maize-
based products and groundnuts [8, 11, 12, 13].

Stunting is defined by WHO as a height-for-age z-score two standard deviations or
more below the WHO Child Growth Standards median [23, 24], and is considered a
marker of chronic undernutrition. Stunted children also have higher mortality rates
and impaired development of cognitive and physical health [23, 25]. In a recent
review we reported that children in sub-Saharan Africa are highly affected by
stunting, with an average prevalence of 41% [25]. Previously published reviews
analysing aflatoxin exposure in children and animals found negative associations
between aflatoxin exposure and growth [26, 27]. However, no review has apparently
considered specifically the aflatoxin exposure in small children in sub-Saharan Africa
and the association with stunting. Therefore, this topical review (also denoted a
literature review) aimed to summarise studies published between 2000 to 2024 that
examined the association between aflatoxin exposure and stunted growth in children
aged 4 months to 5 years living in sub-Saharan Africa.

MATERIALS AND METHODS

Search strategy and inclusion and exclusion criteria

A literature search was conducted in the database PubMed on the 11t of April 2024.
The search combination of MESH words used: growth disorders OR growth AND
aflatoxin AND child OR infant. All the 135 articles were recorded in the EndNote
software, where duplicates were removed. The title and abstracts in the articles were
examined and articles found non-relevant were excluded. The search did not
exclude reviews or meta-analyses, they were excluded when reading the abstract or
titte. Then a full screening of the remaining 20 articles was conducted, removing
articles that did not comply with the inclusion criteria.

Inclusion criteria/study-article selection

The inclusion criteria were original studies published from January 1st 2000 to March
1st 2024 measuring aflatoxin exposure by using an objective aflatoxin biomarker in
serum or plasma, and they had to measure stunted growth by using height-for-age
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z-score (HAZ) as defined by WHO. Eligible articles had to include measurements on
children aged 4 months to 5 years. The focus was on original articles, hence meta-
analyses and reviews were not included as they report on already published data.
In addition the studies had to be written in English, and the study region was limited
to countries in sub-Saharan Africa defined by the United Nations Statistics
Department [28].

RESULTS AND DISCUSSION

Literature search

The literature search identified 135 articles in PubMed. There were ten studies that
met the inclusion criteria and were included in this topical review. The selection
process is presented in Figure 1.
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Figure 1: Flow chart illustrating the literature search and selection of articles.

Study characteristics

Among the ten included articles (studies), one was a randomised controlled trial
(RCT), 6 were prospective cohorts and 3 were cross-sectional studies. Chen et al.
[6], Matchado et al. [29] and Watson et al. [30] are studies using sub-samples of
children from bigger trials [Mal-ED, iLINS-DYAD and ENID], respectively. The oldest
study was published in 2002, while the newest was published in 2023 [30, 31]. The
studies originated from nine sub-Saharan African countries. All studies stemmed
from low-resource settings where the prevalence of stunting varied much [Table 1].
The studies covered different ages of children, from 6 months to 69 months, all
including at least one measurement of aflatoxin exposure and HAZ when the
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children were between 6 to 24 months of age. Three of the studies also examined
exposure of the mycotoxin fumonisin [29, 32, 33], but those results are not included
in this topical review. The study characteristics and extracted results are presented
in Table 1.

Aflatoxin exposure

Aflatoxin concentrations in serum or plasma were measured in four of the studies
using HPLC [29, 33, 34, 36], two of the studies used isotope dilution mass
spectrometry [16, 30], and four studies used ELISA [6, 19, 32, 35]. Three of the
studies measured concentrations in plasma samples [6, 16, 29] whereas the
remaining studies used serum samples. The studies that used ELISA, reported on
average a higher mean level of aflatoxin concentration than the ones using HPLC or
isotope dilution mass spectrometry. If the scaling factor of 2.6 was incorporated, the
concentration levels in the studies using HPLC or isotope dilution mass spectrometry
would be more like those reported in the studies using ELISA. All the aflatoxin
concentrations are listed in Table 1.

Gong et al. [35] reported the highest mean levels of aflatoxin concentrations in
Beninese children. Tessema et al. [33] studied Ethiopian children and reported the
lowest aflatoxin exposure levels. Only 10% of the children in the study by Tessema
et al. [33] were exposed to detectable levels of AFB1-lysine in serum, and therefore
the median value was below the limit of detection. Because of the low exposure rate,
Tessema et al. [33] reported the AFB1-lysine concentrations as maximum values
found pre- and post-harvest in both the stunted and non-stunted children, as shown
in Table 1.

Matchado et al. [30] measured AFB1-lysine by isotope dilution mass spectrometry,
and showed the results as median and interquartile range. Watson et al. [6] did not
show the exact concentration for aloumin-AFB1 in their study, but showed a figure
of the concentrations at different measurement times and the percentage of the
children having detectable albumin-AFB1 levels in plasma. Watson et al. [6] wrote
in their report that the levels were higher than those found by Shirima et al. [32] who
found albumin-AFB1 levels ranging from 4.7 pg/mg to 23.5 pg/mg, as shown in Table
2. Alamu et al. [34] measured both AFB1-lysine and albumin-normalised AFB1-
lysine, the albumin normalised AFB1-lys results are used in this review.

In general, the studies conducted in West Africa [6, 16, 19, 35] found higher aflatoxin
exposure levels compared with studies in other parts of sub-Saharan Africa [29, 30,
32, 33, 34, 36].

Stunting prevalence
The prevalence of stunting was reported in all, but three studies [30, 33, 35]. The
studies found high prevalence of stunting, the lowest prevalence was found in

meJ: https://doi.org/10.18697/ajfand.136.25060 25127



https://doi.org/10.18697/ajfand.136.25060

. PUBLISHED BY
- Since 200/ SCHOLARLY, PEER REVIEWED AFRIC;\!\rl

SCHOLARLY

Volume 24 No. 11 SCIENCE

AFRICAN JOURNAL OF FOOD, AGRICULTURE,
NUTRITION AND DEVELOPMENT November 2024 TRUST

ISSN 1684 5374

Zambia by Alamu et al. [34] (19.8% in children aged 6 to 24 months), while the
highest was found by Chen et al. [16] in Tanzania and McMillan et al. [29] in Nigeria
(75% in children aged 36 months and 74% in children aged 6 to 48 months,
respectively). Note, however, that McMillan et al. studied children with known severe
acute malnutrition. All the longitudinal and the cross-sectional studies done by Alamu
et al. [34] reported that the prevalence of stunting increased with increasing age [6,
29, 32, 34, 36].

Association between aflatoxin exposure and stunted growth

The studies adjusted for confounders when analysing the association between
aflatoxin exposure and stunting. Watson et al. [6] and McMillan et al. [16] did not
adjust for age and gender. Moreover, all studies adjusted for socioeconomic status
or another measurement of wealth status in the household, except McMillan et al.
[16] and Alamu et al. [34]. The four studies conducted in Western Africa (Benin,
Gambia, Nigeria and Togo) reported significant inverse associations between
aflatoxin exposure and stunting [6, 16, 19, 35].

Cross-sectional studies

All the cross-sectional studies reported a significant inverse relationship between
AFB1 levels and stunted growth. Alamu et al. [34] found that the children with
increased albumin-normalised serum AFB1-lysine were 1.3-fold more likely to be
stunted. Gong et al. [19] reported that stunted or underweight children had 30-40%
higher mean albumin-AFB1 values than the children that were not stunted or
underweight. McMillan et al. [16] found that AFB1-lysine levels were significantly
higher in stunted children than in the control group. That study also reported a weak,
but significant correlation between AFB1-lysin and HAZ, but this was no longer
significant when adjusted for malnutrition status [16].

Longitudinal studies

Three of the prospective cohorts found a significant association between aflatoxin
levels and stunted growth [6, 30, 35], whereas two studies found no such association
[29, 32]. One study reported a significant association between aflatoxin exposure
levels and stunted growth when all different aflatoxin biomarkers measured in this
study were pooled together as a group, but it was no longer significant if only using
the AFB1 concentration [33].

In the only randomized controlled trial that was included in this topical review,
Hoffmann et al. [36] implemented an intervention that aimed at decreasing the
aflatoxin contamination in the diet of Kenyan children. They measured HAZ and
aflatoxin levels when the children were on average 13 months of age and later when
children were on average 22 months of age. They reported a significant increase in
HAZ in the intervention group at 13 months of age and stunting prevalence was
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reduced by 7 percentage points, but they found no effect on serum AFB1-lysine
levels [36]. Furthermore, they reported that the intervention group had lower AFB1
serum levels than the control group at 22 months of age, but it had no significant
effect on the stunting prevalence or HAZ. Notably, this study had a high rate of
follow-up loss.

According to the findings in this topical review, there is a possible, yet not verified
association with, and impact of, aflatoxin exposure on stunted child growth in sub-
Saharan Africa. Six out of the ten studies reported a significant inverse association
between aflatoxin levels in serum and stunted growth, while the other four found no
significant association. The studies all agreed that (i) aflatoxin exposure is widely
prevalent in young children in this region and (i) that how it affects their linear growth
should be studied further [6, 16, 19, 29, 30, 32, 33, 34, 35, 30].

The prevalence of aflatoxin exposure in the studies were generally high, especially
in Western Africa. As stated in the introduction, about 40% of the children in sub-
Saharan Africa are stunted, but for example Alamu et al. [34] and Watson et al. [6]
had a sample that had a prevalence much lower than this. Some of the studies also
reported much higher prevalence than the expected prevalence [16, 29, 32]. All the
studies conducted in Western Africa found a significant inverse association between
aflatoxin exposure and stunted growth [6, 16, 19, 35]. Aflatoxin exposure depends
on geographical location, and these results suggest that children in Western Africa
are more vulnerable to aflatoxin exposure than in the rest of sub-Saharan Africa.

Possibly there is a threshold value, but not yet quantified, for aflatoxin exposure
before it may result in impaired child growth. The two studies by Gong et al. [19, 35]
had two of the highest levels of AFB1 measured in the study sample, and both
studies found significant associations with stunted growth. Watson et al. [6] also
reported high exposure levels and found significant associations with impaired
growth. Chen et al. [29], Shirima et al. [32] and Tessema et al. [33] reported much
lower AFB1 levels in their study samples, and the latter studies reported no
significant associations between aflatoxin exposure and stunted growth. If we had
included the scaling factor of 2.6 in the studies by Chen et al. [29] and Tessema et
al. [33], because they measured AFB1 using HPLC, the concentrations would still
have been much lower than those reported by Gong et al. [19, 29, 33, 35]. If adjusting
for measurement by HPLC in the study by Hoffmann et al. [36] the reported AFB1
levels would have been as high as reported in both studies by Gong et al. [19, 35,
36]. Hoffmann et al. [36] did not report a significant association between AFB1
exposure and HAZ, even though the aflatoxin exposure reported was high. In
contrast, McMillan et al. [16] reported a much lower concentration of AFB1 than
reported by Hoffmann et al. [36], but they did find a significant correlation between
AFB1-lysine and HAZ, although weak. Possibly then, the exposure level must reach
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a threshold value before aflatoxin exposure may impair child growth, but it is not in
agreement with all the studies discussed in this review, suggesting that other factors
may interfere as well.

It is also important to discuss the importance of weaning in this topical review. The
reason for choosing children older than 4 months was because it meant that most of
them had either started weaning or were fully weaned. Although aflatoxin may be
passed on to the infant via breastmilk, breastfeeding generally protects the infant
from high aflatoxin exposure through their diet. The most typical weaning foods in
sub-Saharan Africa are often maize-based products, and these products are often
contaminated by aflatoxins. Therefore, when the children stop to be exclusively
breastfed the aflatoxin exposure increases [13, 37]. In sub-Saharan Africa, about
37% of infants under six months of age are exclusively breastfed [38]. Therefore, it
is probable that some of the youngest children included in the studies reported herein
were either exclusively or partially breastfed. For example, Watson et al. [6] reported
that only 48% of children at six months of age had detectable albumin-AFB1 in
plasma. The percentage increased to 98 already when the children were 12 months
of age, reflecting that aflatoxin exposure increased with weaning. Three of the
studies included in this topical review adjusted for weaning status, including Watson
et al. [6, 32, 35].

In the only randomized controlled trial included in this topical review Hoffmann et al.
[36] studied the impact of reduced aflatoxin exposure in the diet and its effect on
child growth. The intervention group ate maize contaminated with a known and safe
amount of aflatoxins, while the control group continued with their usual maize-based
diet. The authors found a significant increase in HAZ in the intervention group when
children were on average 13 months of age, and the stunting prevalence was
reduced by seven percentage points. Still, they found no effect of the intervention on
serum AFB1-lysine levels. Hoffmann et al. [36] did not report the number of children
being breastfed. Therefore, since both study groups had relatively low aflatoxin
exposure levels it may be explained by children still breastfeeding. Possibly, if the
authors have included an intervention that decreased aflatoxin contamination in
maize, this may have led to a larger effect when both groups are older and eat maize
and maize-based products instead of breast milk. Notably, the AFB1 levels in the
intervention group were significantly lower than in the control group when the
children were on average 22 months of age [36]. Moreover, at that child age,
Hoffmann et al. [36] did not find a significant increase in HAZ, as found when the
children were 13 months. One would expect the HAZ to increase as the aflatoxin
exposure was reduced. The reason for this may be because the measurements were
different in nature: AFB1-lysin in serum reflects exposure to aflatoxins the last 2 to 3
months, while the HAZ measurements reflects the linear child growth status when
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measurements are conducted. Because of this, linking aflatoxin exposure to child
growth can be difficult [14, 36].

Several studies that have examined older children than those included in this topical
review, have not found any significant associations between aflatoxin exposure and
stunted child growth. For example, one cross-sectional study reported no significant
correlation between aflatoxin exposure and HAZ in Kenyan children aged 6 to 12
years [39]. In that study, the exposure was high with a geometric mean of 10.5 pg/mg
albumin-AFB1, measured by HPLC, and all children had detectable levels. Another
study examined Pakistani children and found that children aged 5 to 11 years had
the highest aflatoxin exposure, but no significant associations with HAZ were found
[40]. Another study in Gambia among children aged 6 to 9 years found no
association with aflatoxin exposure and HAZ [4]. These studies suggest that the
older children may not be so vulnerable to the possible negative growth effects of
aflatoxin exposure.

With regard to birth outcomes and growth, studies have reported significant
associations among children exposed to maternal aflatoxin in utero and aflatoxins
through breast milk during the first months of life [21, 41]. For example, Tesfamariam
et al. [42] found that chronic maternal aflatoxin exposure was associated with lower
fetal growth. Turner et al. [21] found that infants exposed to higher level of maternal
aflatoxin concentrations had a HAZ profile that decreased with age. Turner et al. [21]
also found that albumin-AFB1 levels in the infants’ blood at 16 weeks of age
(younger than children included in this review) were significantly negatively related
to HAZ, but only 11% of them had detectable albumin-AFB1, probably because most
of them were still exclusively breastfed [21]. A study conducted in Uganda found that
maternal aflatoxin levels were significantly associated with adverse birth outcomes,
such as lower birth weight and smaller head circumference [43]. All these studies
showed that aflatoxin exposure early in life and in utero can contribute to impaired
growth in children or to other negative health outcomes. In contrast, one study
examined Tanzanian mothers and their infants, and they did not find the same
significant associations [44]. This may be because the mothers in that study had a
median level of AFB1-lysine of 1.4 pg/mg which is much lower than found in the
studies by Tesfamariam et al. [41] (12.6 pg/mg), Turner et al. [21] (40.4 pg/mg) and
Lauer et al. (5.83 pg/mg) [45]. This raises the question again if there is a threshold
value at which the aflatoxin exposure will impair child growth.

There are many different risk factors that may influence child stunting, making it
difficult to examine aflatoxin exposure as an individual risk factor. Age is one such
known risk factor, and it was earlier reported that children between one to four years
of age in sub-Saharan Africa had the highest prevalence of stunting [25]. All the
studies in this topical review did adjust for age in their analyses. Reportedly, stunting
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prevalence among boys in sub-Saharan Africa is also higher than that of girls [25].
All the studies, except those of Watson et al. [6] and McMillan et al. [16], adjusted
for both age and gender.

Socioeconomic status and household wealth are other known risk factors for child
stunting [25]. All studies included in this topical review adjusted for either
socioeconomic status or household wealth, except McMillan et al. [16] and Alamu et
al. [34]. Chen et al. [29] reported that higher socio-economic status was positively
associated with HAZ, but not AFB1-lysine levels. This suggests that socioeconomic
status may play an important role in child stunting prevalence, making it difficult to
evaluate the significant effect aflatoxin exposure had on child growth reported in the
studies that did not adjust for socioeconomic status [16, 34].

Stunting is a marker of chronic undernutrition. Therefore, if a study included
participants with a high prevalence of malnutrition, it can be difficult to evaluate the
individual impact aflatoxin exposure may have on stunted child growth. McMillan et
al. [16] studied children of whom about 80% had severe acute malnutrition. Notably,
they found a significant correlation between aflatoxin exposure and stunting, but they
only adjusted for age. Moreover, when they adjusted for malnutrition status the
correlation became insignificant [16]. Among the studies included herein, only Chen
et al. [29], Shirima et al. [32] and Hoffman et al. [36] included adjustments of child
nutrition status.

The main limitations of this topical review are the lack of randomized controlled trials,
the often small sample sizes, and different measurement methods of aflatoxin
concentrations. Adding more databases for the literature search may have caused
a broader selection of data. The strengths include strict inclusion and exclusion
criteria and that the studies were conducted during a long time period (24 years).

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

This topical review found that child aflatoxin exposure is a highly prevalent problem
in sub-Saharan Africa, especially in Western Africa and Kenya, and with a possible
impact on stunted growth. The children (aged 4 months to 5 years) participating in
the included studies were highly exposed to aflatoxins in the diet and they were more
vulnerable to the negative growth impact made by aflatoxin compared with older
children, and exposure in utero and as infants. In general, the studies that reported
the highest aflatoxin exposure, found a significant inverse association between
aflatoxin exposure and stunted child growth. The possibility of aflatoxin exposure
having to reach a threshold value before itimpacts on child growth, should be studied
further. This topical review highlights the importance of raising awareness to this
problem, and efforts should be implemented to make it easier for households with
litle resources to give their children a safer and less aflatoxin contaminated diet.
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This therefore calls for relevant stakeholders to put in place strategies to prevent and
control aflatoxin contamination of food products from maize, groundnuts, sorghum,
soybean and milk commonly fed to children. Such strategies should include ensuring
good agriculture, hygiene and manufacturing practices, as well as use of available
aflatoxin decontamination technologies in the country.
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Table 1: Summary of study characteristics and results from the ten included studies

Reference | Type of study Age (months) | Exposure assessment, Stunting prevalence | Relationship between aflatoxin exposure | Adjustments and other observations
and study site and sample age at measurements and stunting outcomes
size (n) (months), aflatoxin
biomarker concentration
Alamu et al. | Cross-sectional, | 6-24,400 (200 | HPLC in serum, 6-24, Total: e  Children with increased albumin- Sex, sickness, serum albumin and age.
[34] | Zambia (Chipata | from Chipata GM (range) o 19.8% normalised serum AFB1 were 1.3-fold | e  Child sicknesses were more prevalent in
and Monze and 200 from Chipata: Chipata: more likely to be stunted (OR =1.30, Chipata and could explain the higher
districts) Monze) 4.97 (0.78-201.9) pg/mg o 1281% p=0.0146). percentage of stunting.
albumin-AFB1 Monze: +  No significant association between e Higher prevalence of stunting in older children.
Monze: o 7.0% AFB1-lysine and stunted growth
6.51 (0.92-315) pg/mg (p=0.142).
albumin-AFB1
Chen etal. | Prospective 36, 114 HPLC in plasma, 24 months of age: *  No correlations found between Plasma vitamin A, iron, zinc, protein and animal
[29] | cohort, 24, e 61% aflatoxin exposures and stunting (p = protein, folate, SES index, and child sex.
Tanzania Mean (95% Cl): 36 months of age: 0.51). +  Higher SES was positively associated with
5.1 (3.5, 6.6) pgimg o 75% HAZ (p = 0.0392), but not with AFB1-lysine
albumin-AFB1 concentrations (p = 0.12)
*  Sub-study of the MAL-ED trial.
Gong et al. | Cross-sectional, | 9-69, 479 ELISA in serum, 9-69, 33% Significant association between increased Age, sex, SES, and agro-ecological zone.
[19] | Beninand Togo GM: 32.8 (range 5-1064 albumin-AFB1 levels and stunted growth: e  The albumin-AFB1 levels in children increased
pg/mg albumin-AFB1 e Stunted children had 30-40% higher with age up to 3 years, and within the 1-3-year
mean albumin-AFB1 levels (Trend age group was significantly (p=0.0001)
test: p = 0.0001). associated with weaning status.
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Gong et al. | Prospective 16-37, 200 ELISA in serum, Data not given Significant correlation between HAZ and Age, child sex, height, weaning status, SES and
[35] | cohort, 25-21, albumin-AFB1 village:
Benin GM: »  February: p=0.009 *  The highest quartile of albumin-AFB1 was
*  37.4 pg/mg albumin- *  For mean albumin-AFB1 over three associated with a mean 1.7 cm reduction in
AFB1 survey points: p < 0.0001 growth over 8 months compared with the
June 2001 lowest quartile.
+  38.7gpg/mg +  Children who were fully weaned at recruitment
albumin-AFB1 had higher albumin-AFB1 than those still
October 2001 partially breastfed (p < 0.0001).
*  86.8 pg/mg albumin-
AFB1
Hoffmann | Cluster- < 24,1230 HPLC in serum, Midline »  The intervention significantly reduced | Household food insecurity, household dietary
etal. [36] | randomized 13 months of age at measurement: endline serum AFB1-lysine levels (- diversity, household assets, number or adult
controlled trial, midline and 22 months of | «  All: 23% 0.273, 95% Cl -0.547 to 0.001; equivalents in the household, child sex, age,
Kenya age at endline, p=0.025), but no, but it had no effect maternal age, height and education and the
Endline on stunting prevalence. educational level of the head of the household,
Mean midline: p>0.05 measurement: * Intervention had no effect on endline when the participation were enrolled in the study
Mean endline: Intervention group: child HAZ (-0.01, 95% CI -0.165- (which study enrolment wave).
+ 181 pg/mgalbumin- | ¢  39.26% 0.146; p = 0.551).
AFB1 Control group: *  HAZincreased from baseline to
e 3571% midline by 0.16 (95% CI -0.009 to *  High rates of follow-up loss.
0.33; p=0.032), but intervention had no | *  The study was conducted in 6 enrolment
effect on serum AFB1-levels. waves, with 4 months apart from when the
women were invited to enrol in the study.
Matchado | Prospective <30, 241 IDMS in serum, Data not given AFB1-lysine at 18 months was significantly | Maternal age, pre-pregnancy body mass index, HIV
etal [30] | cohort, mother-infant pg/ul albumin-AFB1 associated with persistent impaired linear infection, haemoglobin, weight and mid-upper-arm-
Malawi dyads median (IQR) growth: circumference-for-age z-score gain rate from
6:60% . 18-months AFB1-lysine was baseline to 36-week, food security, malaria infection,
0.07 (0.01, 0.24) negatively associated with HAZ housing quality, child sex, and age.
18: 95% outcomes at 18, 24, and 30 months (3 | «  Maternal aflatoxin exposure was not
0.35(0.19, 0.91) =-0.18;95% Cl: -0.32,-0.04, = - associated with impaired child growth
0.21; 95% CI: -0.35,-0.07, =-0.18; | «  AFB1-lysine at 6 months found non-significant
95% Cl: -0.32,-0.03 at 18, 24 and 30 associated with HAZ
months, respectively). All p < 0.05. *  Sub-study of iLINS-DYAD
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McMillan et | Cross-sectional 6-48, 58 IDMS in plasma, 6-48, 74% Concentration of AFB1-lysine was Age.
al. [16] | study, Nigeria GM (range): significantly higher in stunted children | «  81% of the children had severe acute

Control: 0.8 (0.2-2.9) (0=10.032) compared to controls. malnutrition at baseline

pg/mg albumin-AFB1 A weak, but significant correlation *  All children weaned at baseline

Stunted: 4.6 (0.2-27.6) between AFB1-lysine and HAZ »  Association between AFB1-lysine and stunting

pg/mg albumin-AFB1 (Spearman'’s rho =-0.34, p = 0.0093) was not significant when adjusting for

All: 2.4 pg/mg albumin- malnutrition status

AFB1 »  Small study sample

Shirima et | Prospective 6-14, 166 ELISA in serum, First measurement Non-significant negative associations Breastfeeding, village, maternal education, family
al. [32] | cohort, GM (95%Cl) (6-14 months of age): between mean albumin-aflatoxin socioeconomic status, sex, baseline age, baseline
Tanzania 6-14: o 44% levels from all sampling times and length and protein and energy intakes.

e 47(3.9,56)pg/mg | After 6 months: HAZ at 12 months after recruitment *  None of the children were breastfeeding at
albumin-AFB1 e 55% (beta =-0.07; 95% CI: -0.27, 0.13; p = recruitment.

After 6 months: After 12 months: 0.257). *  Small study sample

«  129(9.9,16.7) +  56%
pg/mg albumin-AFB1

After 12 months:

e 235(19.9,27.7)
pg/mg albumin-AFB1

Tessema | Prospective 6-35,102 (50 | HPLC in serum, 21 pre- Data not given Exposure to any of the individual Age, time of assessment, inflammation, household
etal. [33] | cohort, Ethiopia stunted and 52 | harvest, aflatoxins was not associated with wealth status, presence of diarrheal illness and sex.
non-stunted) maximal AFB1-lysine pre- linear growth (all p>0.05). »  Small study sample

harvest (August- Aflatoxins as a group was significantly

September) to maximal associated with HAZ (p < 0.0001).

value post-harvest

(February):

Stunted:

e 167-290 pg/ml

Non-stunted:

o 182-987.6 pg/ml
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Watson et | Prospective
al. [6] | cohort, Gambia

Birth 6-24, 374

ELISA in plasma, 6, 12
and 18,

Percentage of children
with detectable albumin-
AFB1 concentrations:

1. 48%

2. 98%

3. 99%

6 months of age:
L4 5.6%

24 months of age:

o 259%

Found a small, but significant effect of
aflatoxin exposure on child growth.

Inverse associations reported between
albumin-AFB1 and HAZ (3 - 0.04, p =
0.015) from 6 to 18 months of age.
Albumin-AFB1 at 12 months was
associated with changes in HAZ and
infant length between 12 and 18
months of age (b =-0.01, p =0.003; b
=-0.003, p = 0.02, respectively).

Supplementation group, season of sampling,

mother’s household quality, age of introduction of

non-breast milk foods.

*  Sub-study from the ENID trial

»  High prevalence of undetectable albumin-
AFB1 in children at 6 months reflects that
breastfed infants have lower aflatoxin
exposure.

*  Albumin-AFB1 levels increased when infants
got older (p = 0.001).

GM = geometric mean
SES = socioeconomic status

ELISA = enzyme-linked immunosorbent assay
HPLC = high-performance liquid chromatography,
DMS = isotope dilution mass spectrometry

HAZ = height-for-age z-score
OR = odds ratio
IQR = interquartile range
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