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Abstract
Background—Although aflatoxin exposure has been shown to be associated with micronutrient
deficiency in animals, there are few investigations on the effects of aflatoxin exposure on
micronutrient metabolism in humans.

Objective—To examine the relationship between aflatoxin B1 (AFB1) albumin adducts (AF-
ALB) in plasma and the aflatoxin M1 (AFM1) metabolite in urine and plasma concentrations of
retinol (vitamin A) and α-tocopherol (vitamin E) in Ghanaians.

Methods—A cross-sectional study of 147 adult participants was conducted. Blood and urine
samples were tested for aflatoxin and vitamins A and E levels.

Results—Multivariable analysis showed that participants with high AF-ALB (≥ 0.80 pmol/mg
albumin) had increased odds of having vitamin A deficiency compared to those with lower AF-
ALB [Odds Ratio (OR) = 2.61; CI = 1.03 – 6.58; p=0.04]. Participants with high AF-ALB also
showed increased odds of having vitamin E deficiency but this was not statistically significant
(OR = 2.4; CI = 0.96–6.05; p = 0.06). Conversely, those with higher AFM1 values had a
statistically nonsignificant reduced odds of having vitamin A deficiency (OR = 0.31; CI = 1.15–
0.09; p=0.05) and statistically significant reduced odds of having vitamin E deficiency (OR =
0.31; CI = 0.10 – 0.97; p = 0.04). Participants with high AF-ALB or high AFM1 (≥ 437.95 pg/dL
creatinine) were almost 6 times more likely to be hepatitis B virus surface antigen (HBsAg)-
positive (OR = 5.88; CI = 1.71–20.14; p = 0.005) and (OR = 5.84; CI = 1.15–29.54; p = 0.03)
respectively.

Conclusions—These data indicate that aflatoxin may modify plasma micronutrient status. Thus,
preventing aflatoxin exposure may greatly reduce vitamins A and E deficiencies.
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Introduction
Micronutrients play a critical role in maintaining proper functioning of the immune system
and so are important in reducing morbidity and mortality from infectious diseases.
Deficiencies in micronutrients are prevalent among people worldwide and, although
debilitating for all age groups, have the greatest impact on pre-school children and pregnant
women. Epidemiological data has shown that 140–250 million children worldwide are at
risk for vitamin A deficiency-related disorders annually despite global initiatives to
eliminate micronutrient deficiencies [1]. Over 7 million pregnant women in developing
countries suffer from vitamin A deficiency every year [2]. This increases morbidity and
mortality during pregnancy and the early postpartum period [3, 4].

Vitamin A is a fat-soluble micronutrient that is essential for immunity, cellular
differentiation, maintaining epithelial surfaces, growth, reproduction and vision [5]. Vitamin
A deficiency has been associated with severe cases of measles, pneumonia and diarrhea in
children [6–8]. Jiang et al. [9] recently showed that vitamin A was prevalent in the Ghanaian
population and associated with the impairment of innate and cytotoxic immune function.
Vitamin A deficiency has also been shown to be associated with the development of
hepatocellular carcinoma (HCC) [10]. Huang et al. [11] showed that vitamin A has a
protective effect on cancer by not only inhibiting the metabolic activation of carcinogens but
also by preventing the initial steps in carcinogenesis.

Vitamin E is a lipid soluble antioxidant that decreases free radical-induced damage to
cellular membranes. Results from human and animal studies indicate that vitamin E plays an
important role in maintenance of the immune system [12]. A study in healthy humans
showed that vitamin E supplementation increased CD4/CD8 T cell ratio, enhanced T-cell
proliferation and lowered measures of oxidative stress (H2O2 production) [13].
Epidemiological and experimental studies suggest that dietary antioxidants such as vitamin
E may suppress chemically induced carcinogenesis through a variety of mechanisms [14].
Deficiencies of vitamins A and E are associated with HIV disease progression and mortality
[15].

Aflatoxins are metabolites of some Aspergillus species of fungi and are the most potent
hepatotoxic and hepatocarcinogenic mycotoxins known [16]. Acute aflatoxicosis results in
illness and death in humans [17, 18]. In studies conducted in Africa, exposure to food-borne
aflatoxins is common [19–21]. Maize and groundnuts are excellent substrates for production
of aflatoxins [17, 18]. Kpodo et al. [21] and Awuah and Kpodo [22] reported high levels of
aflatoxin in maize and groundnut samples in Ghana. Aflatoxin intake is associated with an
increased risk of hepatocellular carcinoma (HCC) especially in people with hepatitis B virus
(HBV) infection [23]. Serum aflatoxin is also a risk factor for neonatal jaundice and
morbidity in infants [24–26], infertility [27], and malnutrition and lack of disease resistance
in livestock and laboratory animals [28].

Animal studies indicate that exposure to aflatoxin may reduce plasma and tissue vitamin A
[29–32] and vitamin E concentrations [33]. In some cases, supplementation of vitamins A
and E ameliorated aflatoxin-induced changes and inhibited aflatoxin-induced carcinogenesis
through anti-mutagenic effect [34–36]. Nyandieka et al. [37] investigated the influence of
nutritional factors on aflatoxin-induced liver tumors in rats and found that the development
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of tumors as a result of aflatoxin exposure was totally inhibited by the ingestion of vitamin
A. They also observed that vitamin E inhibited the development of aflatoxin-induced liver
cancer.

Micronutrient deficiencies commonly occur in large proportions of the populations of many
developing countries and exposure to dietary aflatoxin further aggravates the deficiencies.
Thus, reduction in exposure to aflatoxin could be considered a significant public health
intervention. The finding of an association between aflatoxin and micronutrient deficiencies
from numerous animal studies suggests that there may be a relationship between aflatoxin
biomarkers [aflatoxin B1 albumin adduct (AF-ALB) in plasma and aflatoxin M1 (AFM1) in
urine] and vitamins A and E concentrations in humans. Based on this hypothesis, we
predicted that we would see correlations between aflatoxin biomarkers with vitamin A and E
concentrations.

Materials and Methods
Participants and study area

The study population consisted of adults (≥ 19 years) from the Ejura Sekyedumase district
in the Ashanti Region of Ghana. This is a major groundnut- and maize-producing and
consuming region in southern Ghana. A cross-sectional study was conducted to determine
the relationship between aflatoxin and plasma concentrations of vitamins A and E in our
study participants. Our targeted sample size was 150 participants. This was based on the 25
µg/dL difference in expected effect size that we predicted we would see among those with
high and low concentrations of vitamin A using the t-test with a power of 80% (β=0.20) and
α=0.05. The sample consisted of volunteers within four communities in the district. Pregnant
women and those with acute infections were excluded since pregnancy and acute infections
could affect micronutrient status. We enrolled 147 eligible participants who gave signed,
informed consent. Approval for the study was obtained from the Institutional Review Board
at the University of Alabama at Birmingham (UAB) and from the Ethics Committee, School
of Medical Sciences, Kwame Nkrumah University of Science and Technology (KNUST),
Kumasi, Ghana.

Sample collection, preparation and analysis
Each participant completed a survey that consisted of questions on sociodemographic,
health, food, and food consumption characteristics. Twenty milliliters of venous blood was
drawn from each subject using sterile needles and vacutainer tubes. The tubes were wrapped
in foil to reduce the effect of oxidation and light on retinol. Blood was transported to the
laboratories of the Kumasi Center for Collaborative Research (KCCR) in Tropical Medicine
at KNUST within 6 hours of collection. Plasma was collected and aliquoted into vials for
analysis of retinol, tocopherol, liver function, anti-hepatitis B surface antigen (HBsAg), anti-
hepatitis C virus antibody (HCV Ab), and AF-ALB levels. The vials containing plasma for
retinol and tocopherol analysis were wrapped in aluminum foil and kept in thick black
polythene bags at −80°C. Urine samples (first urine the morning after recruitment) were
obtained from 82 of the 147 participants and stored at −80°C. All samples were
subsequently air-transported frozen to UAB and kept at −80°C until analyzed.

Simultaneous determination of vitamin A (retinol) and vitamin E (α-tocopherol) in plasma
Serum retinol is a useful indicator of vitamin A status since serum retinol concentration is
normally maintained within a narrow range in individuals with adequate vitamin A stores.
Alpha-tocopherol is the most active component of the vitamin E complex. A modified
version of the high-performance liquid chromatography (HPLC) procedure developed by
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Stacewicz-Sapuntzakis et al. [38] was used to measure both vitamins A and E in plasma.
Details of the method have been published previously [9].

Determination of AF-ALB levels in plasma by radioimmunoassay (RIA)
AF-ALB levels in plasma from study participants were determined by radioimmunoassay
(RIA) [39]. The assay measures aflatoxin that is covalently bound in peripheral blood
albumin and reflects aflatoxin exposure in the previous 2–3 months. Plasma samples were
concentrated by high-speed centrifugal filtration, and the concentrated protein was re-
suspended in phosphate-buffered saline (PBS). Plasma albumin was determined by using a
bromocresol purple dye binding method (Sigma, St. Louis, MO), and the amount of total
protein was determined by using the Bradford procedure (San Rafael, CA). Total protein per
sample was then digested with Pronase (Calbiochem, La Jolla, CA), and bound aflatoxin
was extracted with acetone. The RIA procedure [39] was used to quantify AF-ALB in
duplicate plasma protein digests that each contained 2 mg of protein. Nonspecific inhibition
in the assay was determined by processing pooled, normal human plasma standards (Sigma,
St. Louis, MO). The standard curve for the RIA was determined by using a nonlinear
regression method [40]. The concentrations of albumin, total protein, and AF-ALB in
individual plasma samples were calculated and the values were expressed as the amount of
AF-ALB per milligram of albumin [39]. The detection limit of the assay was 0.01 pmol/mg
albumin.

Determination of the AFM1 metabolite in urine
Metabolic levels of AFM1 in urine were quantitated by HPLC after immunoaffinity cleanup
of samples. AFM1 metabolite was used as a valid indicator of short-term exposure to
aflatoxins because of its prevalence in the urine and because of its dose-dependent
relationship with AFB1 intake in the diet [41]. Affinity chromatography cleanup procedures
and HPLC analysis were based on methodologies described by Groopman et al. [42], along
with the modifications of Sarr et al. [43] and Wang et al. [44]. Each of the urine samples
(5.0 mL) was adjusted to an acidic pH with 0.5 mL of 1.0 M ammonium formate (pH 4.5),
and the volume was increased to 10 ml with water and, and then vortexed. The sample was
then applied to a 1-mL preparative Aflatest P monoclonal antibody column (VicamLP,
Watertown, MA), and aflatoxin was eluted at a flow rate of approximately 0.3 ml/min as
described previously [44]. For HPLC analysis, a Waters HPLC system (Waters Corporation,
Milford, MA) with fluorescence detection capabilities was used. A 250 mm × 4.6 mm
LiCrospher RP-18 end-capped column with pore size 100 A and particle size 5 µm (Alltech
Associates, Deerfield, IL) was used to resolve aflatoxin metabolites. The mobile phase
consisted of 22% ethanol in water that was buffered with 20mM ammonium formate (pH
3.0). Chromatographic separation of aflatoxin was achieved by isocratic elution of the
mobile phase for 20 minutes. Samples were injected (100 µL) on the column and the elution
rate was 1.0 mL/minute. AFM1 peaks were detected at a retention time of approximately
15.4 minutes. The limit of detection for this method was 10pg/mL of urine for AFM1. The
identity of AFM1 was confirmed by gas chromatography/mass spectrometry (GC/MS) by
comparing standards (Sigma, Milford, MO) [45]. Urinary concentrations of AFM1
metabolite were expressed as pg/mg of creatinine to correct for variations in urine dilution
among individual samples.

Test for antibodies to HBV surface antigen
HBsAG in plasma samples was determined using the Bio-Rad Enzyme Immunoassay
according to the manufacturer’s directions (Bio-Rad, Redmont, WA, USA). A sample was
considered initially reactive for anti-HBsAg if the absorbance value was greater than or
equal to the mean absorbance value of the negative controls plus 0.07 according to the
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manufacturer’s instructions. Positive samples were determined by repeated reactivity in
duplicate tests.

Test for HCV antibody in plasma
Qualitative detection of antibody to HCV in plasma was conducted using the Abbott HCV
Enzyme Immunoassy according to the manufacturer’s directions (Abbott Laboratories,
Abbott Park, IL, USA). Test samples with an optical density (OD) greater or equal to the
mean absorbance of the three negative controls, plus 0.25 times the mean absorbance of the
3 positive controls, were considered initially reactive by the criteria of Abbott HCV EIA 2.0.
Positive samples were determined by repeated reactivity in duplicate tests.

Analysis of serum markers for liver function (transaminases, bilirubin, total blood protein
and plasma albumin)

A complete hepatic function profile was conducted on plasma from the study participants.
This included tests of the liver enzyme aspartate transaminase (AST) and alanine
transaminase (ALT), liver transport (total bilirubin), and liver synthesis (serum albumin and
total blood protein). The tests were performed at the UAB Hospital Laboratory.

Statistical analysis
Descriptive statistics are presented as means (±SD) or medians and interquartile ranges. The
relationships between demographics, behavioral, and clinical variables were examined by
using the chi-square test. For comparison across groups, the median was used to categorize
aflatoxin values into high and low categories.

We used the World Health Organization’s (WHO) generally accepted cutoff value for
micronutrient deficiencies for retinol and tocopherol (<0.698 µmol/L and <11.6 µmol/L
respectively) [46] to group participants into micronutrient-sufficient (normal) and -deficient
groups. Cutoff points were based by WHO on tissue concentrations low enough to cause
adverse health outcomes. We then examined the frequency distribution of the micronutrient
variables and the demographics of the study population. Because these variables were
categorical, a series of chi-square tests were performed to determine the relationships
between them. Univariate associations between continuous variables were performed using
the Spearman correlation coefficient. Differences in aflatoxin concentrations by retinol,
tocopherol, and liver function parameters were evaluated by using the Kruskal-Wallis test
due to non-normality of the data.

We constructed regression models using theoretical concepts and the independent variables
that were associated with the exposure variables in the chi-square analysis at the 0.10 level
or less. Unconditional logistic regression models were run separately for predicting
deficiencies in retinol and tocopherol levels by aflatoxin. We controlled for other known risk
factors and confounders such as ethnicity, anti-HBsAg positive test results, total plasma
protein, albumin bilirubin, and AST levels. All tests of hypotheses were two-tailed, with a
type I error rate fixed at 5%. All statistical analyses were conducted using the statistical
software package SAS Version 9.1 (SAS Institute, Cary, NC).

Results
Concentrations of AF-ALB, AFM1, vitamin A and vitamin E in study population

Plasma samples from 145 participants were tested for AF-ALB and vitamins A and E
concentrations. AFM1 levels were determined in 82 urine samples. The median
concentration of AF-ALB was 0.80 (SD± 0.46) pmol/mg albumin (mean = 0.899; range =
0.120–2.994 pmol/mg albumin). The median AFM1 concentration was 437.95 (SD± 2451)
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pg/dL of urine creatinine, (mean = 1646.12; range = 0–11,562.36 pg/dL of urine creatinine).
All participants were positive for AF-ALB and 91.2% were positive for AFM1. The mean
vitamin A concentration was 1.13 (SD±0.72) µmol/L with an interquartile range (IQR) of
0.65 – 1.54 µmol/L; the mean plasma vitamin E concentration was 9.52 (SD± 6.73) µmol/L
(IQR of 5.57 – 12.54 µmol/L).

Sociodemographic and biological characteristics of the study population by sex
Table I presents the descriptive sociodemographic and biological characteristics of the study
population by sex. The mean age for the study group was 39.0 (SD±16.2) years. A majority
of the study participants were Akans (37.8%), and 48% had formal education; 60% were
involved in farming. Significantly more males than females had formal education
(p=0.0004) and were farmers (p<0.0001). The prevalence of vitamins A and E deficiencies
(plasma vitamin A = <0.698 µmol/L and plasma vitamin E < 11.6 µmol/L) was 31.7% and
73.1%, respectively. There were no statistically significant sex differences in vitamins A and
E concentrations and the biological markers for aflatoxin. Women reported slightly lower
levels of alcohol use and smoked less than men (p<0.05). With regard to hepatitis infection,
approximately 16% of the participants were positive for HBsAg and 15% were positive for
HCV Ab.

Sociodemographic characteristics of the study population by vitamin A status
Table II shows the descriptive statistics of the study population by vitamin A status. There
were significant differences between vitamin A concentrations and variables such as
ethnicity, having a positive anti-HBsAg test result, vitamin E, AF-ALB, and AFM1.
Participants with low vitamin A concentrations had significantly increased levels of AF-
ALB (p=0.005), and positive anti-HBsAg test results (p=0.002). There was no significant
association between age and vitamin A concentrations. Those with low vitamin A
concentrations had significantly lower levels of AFM1 (p=0.02). Analysis of vitamin E and
aflatoxin levels demonstrated that there was a trend towards lower vitamin E concentrations
in participants with high AF-ALB levels (p= 0.07), and towards lower vitamin E
concentrations in individuals with low AFM1 (p=0.08). Individuals with low vitamin E
levels had high AF-ALB and low AFM1 concentrations (data not shown).

Correlation between variables
The relationship between vitamin A, vitamin E, AF-ALB, and liver function were analyzed.
The Spearman correlation coefficients between these variables are presented in Table III.
Significant correlations were found for high AF-ALB with low vitamin A (−0.20), high total
protein (0.19), high AST (0.17), and high ALT (0.31). High vitamin A was also significantly
correlated with high vitamin E (0.47), low total protein (−0.26), low albumin (−0.17), low
AST (−0.21), and low ALT (−0.43). High vitamin E correlated significantly with low
albumin (−0.17) and low bilirubin (−0.17). There was also a high positive correlation
between vitamin A and AFM1 (0.31) and between AFM1 and albumin (0.36) (data not
shown).

Regression analysis
Univariate regression models were used to conduct within-level comparisons of vitamin A,
vitamin E, and liver function according to AF-ALB and AFM1 levels (Table IV). The results
indicated significant differences (p<0.05) between the levels of vitamin A, ALT and total
protein in participants according to AF-ALB levels. Those with high AF-ALB had lower
vitamin A concentrations, and higher ALT and total protein than those with low AF-ALB. A
significant difference was also demonstrated between AFM1 and vitamin A; however,
individuals with high AFM1 levels also had high vitamin A concentrations (p=0.0007).
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There was also a significant difference between AFM1 and albumin levels (p=0.01); those
with high AFM1 had higher levels of plasma albumin.

Multivariate analyses
We conducted multiple regression analyses to determine the direction and magnitude of AF-
ALB and AFM1 on vitamin A and vitamin E levels in study participants. After adjusting for
possible confounders such as age, sex, education, number of people in the household,
hepatitis infection, total protein, albumin, bilirubin, and AST and ALT concentrations,
multivariable analysis demonstrated that high AF-ALB was independently associated greater
than a 2.6 fold increased risk of low vitamin A concentration (adjusted odds ratio, AOR =
2.61, 95% confidence interval (CI) = 1.03 – 6.58, p=0.04; (Table V). Participants who were
HBsAg- positive were almost 6 times as likely to have low vitamin A concentrations as
those who were HBsAg- negative (AOR = 5.88, CI = 1.71–20.14, p = 0.005). AF-ALB was
marginally associated with vitamin E (AOR = 2.40, 95%CI = 0.96 – 6.05, p=0.06). Those
with high AF-ALB were 2.4 times more likely to have low vitamin E than those with low
AF-ALB, but this was not statistically significant.

Table VI demonstrates that higher levels of AFM1 was associated with reduced odds of
having vitamin A deficiency, though this was not statistically significant (OR= 0.31,
95%CI= 0.09 – 1.02, p=0.05). However, those with higher AFM1 levels had a significantly
reduced odds of having vitamin E deficiency (OR= 0.31, 95% CI= 0.10 – 0.97, p=0.04).
Having a positive anti-HBsAg test result was significantly associated with vitamin A
deficiency. Those who were anti-HBsAg positive were 5.84 times more likely to have low
vitamin A than those who were anti-HBsAg negative (AOR = 5.84, CI = 1.15–29.54, p
=0.03).

Discussion
All of the participants in this study had AF-ALB albumin adducts in their plasma and 91.2%
excreted AFM1 in urine. These biological markers are objective indicators and more precise
measures of aflatoxin exposure than measures of dietary exposure [47]. Whereas AF-ALB
indicates aflatoxin exposure over a 2–3 month period, AFM1 indicates more recent exposure
occurring in the last 24–48 hours [47]. Almost one third (32%) of participants in the study
were vitamin A-deficient and 73% were vitamin E-deficient. Our main hypothesis of interest
was that aflatoxin exposure is associated with vitamin A and E concentrations. We found
significant inverse relationships between AF-ALB levels and both vitamin A and E
concentrations. Multivariate analysis showed a 2.64-fold greater risk of finding low vitamin
A concentrations in participants with high AF-ALB levels. This is a very interesting finding,
given the cross-sectional nature of the study and relatively small sample size. Decrease in
vitamin A concentrations has been shown in animals exposed to aflatoxin in the diet [29–
32]. The only previous study that reported on AF-ALB and vitamin A levels in humans
(children) found no association between these factors [48]. Our study indicates that vitamin
A status is modulated by aflatoxin exposure. Preventing such exposure would be one way of
greatly decreasing the occurrence of vitamin A deficiency in many developing countries,
such as Ghana, where large portions of the populations face food insecurity and nutritional
deficiency and are constantly exposed to aflatoxin in the diet. There was a marginal
association between AF-ALB and vitamin E concentration (p=0.06). Those with high AF-
ALB were 2.4 times more likely to be vitamin E-deficient than those with low AF-ALB.
Harvey et al. [33] showed that dietary aflatoxin was associated with decreased levels of
serum tocopherol and retinol concentrations in swine.

Contrary to the finding of an inverse relationship between AF-ALB and vitamin A
concentration, there was a positive relationship between AFM1 and vitamin A. Multivariable
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analysis showed that those with high AFM1 had a 69% decreased chance of having low
vitamin A than those with low AFM1. AFM1 is a metabolite of AFB1. Cytochrome P450
(CYP) enzymes mediate metabolism of AFB1 to AFM1. Koser et al. [49] reported that the
CYP450 isoform that mediates AFM1 formation in the mouse is CYP 1-A2. It has also been
shown CYP 1-A2 is the high-affinity P450 enzyme principally responsible for the
bioactivation of AFB1 at low substrate concentrations associated with dietary exposure [50].
In the human body, vitamin A or retinol is oxidized via retinal to retinoic acid, which has
pleiotrophic biological functions. The metabolism of retinals to retinoic acid is mediated by
human CYP 1-A1, 1-A2, 1B1, and 3-A4 for the formation of all-trans-retinoic acid and CYP
1-A2 for the formation of 9-cis-retinoic acid. Zhang et al. [51] also showed that CYP 1-A2
is the isoform that most efficiently metabolizes 9-cis-retinal to 9-cis-retinoic acid. Our
findings of a positive relationship between AFM1 and vitamin A may indicate that in the
presence of AFB1, CYP 1-A2 functions more actively in the breakdown of AFB1 to AFM1
than in the conversion of retinal to retinoic acid, thereby resulting in high levels of AFM1
simultaneously with high concentrations of retinol.

AFM1 was also positively associated with vitamin E concentration. Those with high AFM1
had a 69% less chance of having low vitamin E concentrations than those with low AFM1.
Yu et al. [14] found that plasma concentrations of α-tocopherol and α- and β-carotene were
positively associated with AFB1-DNA adducts in urine of healthy males. These data were in
accordance with findings of a previous in vitro study in which α-tocopherol and β-carotene
enhanced the AFB1-DNA adduct formation in cultured woodchuck hepatocytes [52]. Our
finding suggests that vitamin E may enhance breakdown of AFB1 to AFM1 although the
mechanism is not known.

Serum aminotransferases are the most useful measures of liver cell injury [53]. In our study,
high AF-ALB was significantly associated with high ALT and high total protein and
marginally associated with high AST. Aflatoxin induces injury to both hepatic parenchyma
and the biliary tract [54]. Tao et al. [55] studied the relationships between aflatoxin albumin
adducts and several liver-specific biochemical parameters. They found associations between
AF-ALB and globulin and AST that suggest that AFB1 modified the immune response and
induced damage to hepatic parenchymal cells [55]. These associations have previously been
reported in other [54, 56, 57] but not all [58–60] animal studies. The mechanism of AFB1-
induced cellular damage is not fully understood. However, it has been shown that AFB1 can
stimulate the release of free radicals including reactive oxygen species, which lead to
chromosomal damages [61]. This has been supported by other studies [62–64]. Rastogi et al.
[62] observed significant elevations in the levels of serum transaminases, other liver
enzymes, and bilirubin following AFB1 administration to rats.

We found an association between high AF-ALB and high total protein. Very few studies
were found in a search of the literature on the effect of aflatoxin on serum proteins and the
results have been contradictory [65, 66]. Thurston et al. [65] reported that guinea pigs given
aflatoxin in the diet had an increase in albumin and gamma-globulin and a decrease in α1-,
α2-and β-globulin compared to the controls, while Richard et al. [66] found that aflatoxin
significantly decreased total serum protein and found no significant increase in gamma-
globulin in guinea pigs. The differences may be due to the dosage and regimens used in the
different experiments. Aflatoxin has been shown to suppress antibody formation to the
typhoid vaccine in mice [67] and in chickens injected with sheep erythrocytes [68]. Swine
and turkeys fed aflatoxin also had increased gamma-globulin levels [69, 70].

Having a positive HBsAg test result was also a strong independent predictor of low vitamin
A concentration. Those who were HBsAg- positive were almost 6 times as likely to have
low vitamin A concentration as those who were HBsAg-negative. Hepatitis B virus causes
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inflammation of the liver and ongoing liver damage. Vitamin A metabolism and storage
occur in the liver. Liver hepatocytes govern the uptake, transfer, metabolism, and
homeostasis of vitamin A. It was previously reported [53, 71] that serum concentrations of
vitamin A were lower in individuals with chronic liver diseases and were related to the
severity of the condition. Hepatic stellate cells that mediate liver fibrosis are usually affected
as a result of liver injury and could lead to vitamin A deficiency [72]. It is also possible that
defective synthesis of the serum aminotransferases as a result of liver injury could prevent
mobilization or impair absorption of vitamin A from the hepatic stellate cells [73].

Our study has some potential limitations, the most apparent of which is that it Is cross-
sectional in design and sp, the temporal relationships between AF-ALB biomarker levels
and vitamin A/E deficiencies could not be established. To determine whether the association
between AFB1 and micronutrient status is a direct result of aflatoxin exposure requires a
longitudinal study. Secondly, our small sample size limited our ability to detect small
associations and yielded imprecise estimates. Furthermore, the effects of dietary exposure to
aflatoxin might be complicated by confounding factors such as socioeconomic status or
malnutrition. However, the potential bias introduced by these factors was minimized by
including some of these variables in the regression models.

In conclusion, our findings demonstrated that there is a significant negative relationship
between exposure to AFB1 and plasma concentrations of vitamins A and E in our study
population. Vitamin A is stored in the liver and evidence from the serum markers for liver
function showed that exposure to aflatoxin (and possibly HBV infection) had a negative
impact on the liver and may contribute to vitamin A deficiency. Vitamin A deficiency has
been shown to contribute to impaired cellular differentiation, depressed immune response,
and increased chronic and infectious disease morbidity and mortality. Vitamin E has been
shown to improve cellular immunity and decrease the occurrence of some cancers. Efforts in
advancing global understanding and preventing vitamin A and E deficiencies should
strongly consider the impact of aflatoxin exposure.
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Table I

Sociodemographic and biological characteristics of the study population by sex

Total N=147
n (%)

Male N=79
n (%)

Female N=68
n (%)

P-value

Age (years) 0.44

      19–39 88 (59.9) 45 (57.0) 43(63.2)

      >40 59 (40.1) 34 (43.0) 25(36.8)

Ethnicity 0.40

      Akans 54(37.8) 26 (33.8) 28(42.4)

      Dagbani 26(18.2) 13 (16.9) 13(19.7)

      Ewes 1(0.7) 1 (1.3) 0(0.0)

      Gruma 9(6.3) 8 (10.4) 1(1.5)

      Grussi 2(1.4) 1 (1.3) 1(1.5)

      Hausa 2(1.4) 1 (1.3) 1(1.5)

      Other 49(34.3) 27 (35.1) 22(33.3)

Formal Education 0.0004

      No 75(51.7) 27(34.6) 43(64.2)

      Yes 70(48.3) 51(65.4) 24(35.8)

Intake of Alcohol 0.05

      No 102 (76.1) 53(69.7) 49(84.5)

      Yes 32 (23.9) 23(30.3) 9(15.5)

Occupation <.0001

      Farmer 71(50.3) 44(58.7) 27(40.9)

      Trader 25(17.7) 5(6.7) 20(30.3)

      Farmer/Trader 7(5.0) 0(0.0) 7(10.6)

      Farmer/other 7(5.0) 6(8.0) 1(1.5)

      Other 31(22.0) 20(26.7) 11(16.7)

Hepatitis B Infection 0.26

      No 123 (84.3) 69(87.3) 54(80.6)

      Yes 23 (15.7) 10(12.7) 13(19.4)

Hepatitis C Infection 0.14

      No 123 (84.8) 63(80.8) 60(89.5)

      Yes 22 (15.2) 15(19.2) 7(10.5)

Vitamin A (µmol/L) 0.60

      Low (<0.698µmol/L) 46 (31.7) 23(29.9) 23(33.8)

      High (≥0.698µmol/L) 99(68.3) 54(70.1) 45(66.2)

Vitamin E (µmol/L) 0.63

      Low (<11.61 µmol/L) 106 (73.1) 55(71.4) 51(75.0)
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Total N=147
n (%)

Male N=79
n (%)

Female N=68
n (%)

P-value

      High (≥11.6 µmol/L) 39 (26.9) 22(28.6) 17(25.0)

AF_ALB (pmol/mg AL) 0.23

      Low (<0.8 pmol/mg AL) 71 (48.6) 42(53.2) 29(43.3)

      High (≥0.8 pmol/mg AL) 75 (51.4) 37(46.8) 38(56.7)

Aflatoxin M1 (pg/dL creatinine) 0.12

      Low (<437.95 pg/dL) 41(50.0) 19(42.2) 22(59.5)

      High (≥437.95 pg/dL) 41(50.0) 26(57.8) 15(40.5)

AF-ALB = aflatoxin B1 albumin adducts
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Table II

Descriptive sociodemographic and biological characteristics of the study population by vitamin A status

Variables
High Vit. A (N=69)

n (%)
Low Vit. A (N= 46)

n (%)
P-value

Age 0.56

      19–39 61(61.6) 26(56.5)

      >40 38(38.4) 20(43.5)

Gender 0.61

      Male 54(54.6) 23(50.0)

      Female 45(45.4) 23(50.0)

Ethnicity 0.05

      Akans 29(30.5) 23(50.0)

      Dagbani 17(17.9) 9(19.6)

      Ewes 1(1.1) 0(0.0)

      Gruma 4(4.2) 5(10.9)

      Grussi 2(2.1) 0(0.0)

      Hausa 2(2.1) 0(0.0)

      Other 40(42.1) 9(19.6)

Formal Education 0.21

      No 51(52.6) 19(41.3)

      Yes 46(47.4) 27(58.7)

Intake of Alcohol 0.81

      No 66(75.9) 35(77.8)

      Yes 21(24.1) 10(22.2)

Occupation 0.29

      Farmer 53(54.6) 17(40.5)

      Trader 13(13.4) 12(28.6)

      Farmer/Trader 5(5.2) 2(4.8)

      Farmer/other 5(5.2) 2(4.8)

      Other 21(21.6) 9(21.4)

Hepatitis B Infection 0.02

      No 87(88.8) 34(73.9)

      Yes 11(11.2) 12(26.1)

Hepatitis C Infection 0.70

      No 82(84.5) 40(87.0)

      Yes 15(15.5) 6(13.0)

Vitamin E (µmol/L) 0.001

      High (≥11.61 µmol/L) 27(27.3) 2(4.4)
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Variables
High Vit. A (N=69)

n (%)
Low Vit. A (N= 46)

n (%)
P-value

      Low (<11.61 µmol/L) 72(72.7) 44(95.6)

AF-ALB (pmol/mg AL) 0.005

      Low (<0.8 pmol/mg AL) 56(56.6) 14(31.1)

      High (≥0.8 pmol/mg AL) 43(43.4) 31(68.9)

Aflatoxin M1 (pg/dL creatinine) 0.02

      Low (<437.95 pg/dL) 23(41.1) 18(69.2)

      High (≥437.95 pg/dL) 33(58.9) 8(30.8)

Vit. A = Vitamin A; Vitamin A concentration: High = ≥ 20µg/dL; low = <20µg/dL); AF-ALB=aflatoxin B1 albumin adducts
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