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Abstract: The association between aflatoxin exposure and alteration in immune responses observed
in humans suggest that aflatoxin could suppress the immune system and work synergistically
with HIV to increase disease severity and progression to AIDS. No longitudinal study has been
conducted to assess exposure to aflatoxin (AF) among HIV positive individuals. We examined
temporal variation in AFB1 albumin adducts (AF-ALB) in HIV positive Ghanaians, and assessed
the association with socioeconomic and food consumption factors. We collected socioeconomic and
food consumption data for 307 HIV positive antiretroviral naive adults and examined AF-ALB levels
at recruitment (baseline) and at six (follow-up 1) and 12 (follow-up 2) months post-recruitment,
by age, gender, socioeconomic status (SES) and food consumption patterns. Generalized linear
models were used to examine the influence of socioeconomic and food consumption factors on
changes in AF-ALB levels over the study period, adjusting for other covariates. AF-ALB levels
(pg/mg albumin) were lower at baseline (mean AF-ALB: 14.9, SD: 15.9), higher at six months (mean
AF-ALB: 23.3, SD: 26.6), and lower at 12 months (mean AF-ALB: 15.3, SD: 15.4). Participants with
the lowest SES had the highest AF-ALB levels at baseline and follow up-2 compared with those
with higher SES. Participants who bought less than 20% of their food and who stored maize for
less than two months had lower AF-ALB levels. In the adjusted models, there was a statistically
significant association between follow up time and season (dry or rainy season) on AF-ALB levels
over time (p = 0.04). Asymptomatic HIV-positive Ghanaians had high plasma AF-ALB levels that
varied according to season, socioeconomic status, and food consumption patterns. Steps need to be
taken to ensure the safety and security of the food supply for the population, but in particular for
the most vulnerable groups such as HIV positive people.
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1. Introduction

The human immunodeficiency virus (HIV) suppresses the immune system leading to the
development of Acquired Immune Deficiency Syndrome (AIDS). Most of the approximately
4.5 billion people living in developing countries, who are chronically exposed to aflatoxins in food [1],
live in Africa and Asia where high HIV rates/numbers are also prevalent. Sub-Saharan Africa is the
region of the world most heavily affected by the HIV/AIDS epidemic with nearly 1 in 20 adults
living with HIV [2]; this is estimated to be about 25 million people or approximately 71% of the
global total [3]. Furthermore, approximately 75% of all deaths since the beginning of the HIV/AIDS
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pandemic have occurred in sub-Saharan Africa. Aflatoxins are a group of extremely toxic metabolites,
produced in staple food crops by the common fungi Aspergillus flavus and A. parasiticus, that have been
shown to impair the immune system in animal studies [4–10] resulting in increased susceptibility
to infections, reactivation of chronic infections [8,11–18], and decreased antibody responses to
vaccination [8,18]. In human studies, we found alterations in immune parameters indicating that
aflatoxin exposure might contribute to impairment of the immune system [19,20]. Chronic dietary
exposure to aflatoxin has also been shown to interfere with metabolism of proteins [21], food
conversion [22], growth [23,24] and a number of micronutrients that are critical to health and immune
functioning [25–28]. Since both HIV and aflatoxin suppress the immune system they could work
synergistically to increase HIV disease severity and result in faster progression to AIDS. Previously,
we measured aflatoxin levels in HIV positive adults at one time point and found significant
associations between high aflatoxin levels and alterations in immune parameters and increase in HIV
viral load [20,29,30].

Although the major aflatoxins (B1, B2, G1 and G2) occur together in various foods in different
proportions [31], AFB1 is usually the predominant and most toxic form. Therefore, we measured
AFB1-lysine adducts (AF-ALB) formed from the binding of AFB1 to the amino acid lysine in serum
albumin. The presence of these adducts indicates long-term exposure (two to three months or longer)
to aflatoxin [32,33]. Several studies have shown high levels of the AFB1-albumin adducts in the
blood of people exposed to the toxin [20,34]. In Ghana and other developing tropical countries,
staple crops such as groundnuts, maize and other cereals are often contaminated with levels of
aflatoxin that far exceed the 30 µg/kg considered tolerable in food for human consumption by the
FAO/WHO/UNICEF Protein Advisory Board [1,35–41]. Pre-harvest aflatoxin contamination of crops
is favored by high temperatures, prolonged drought, and high insect activity, while post-harvest
production of the toxin is favored by hot and humid conditions. A study conducted in Benin
showed that aflatoxin levels increased in crops stored for three to five months [35]. The Ashanti
Region of Ghana has a bimodal rainfall pattern and two rainy/maize growing seasons. A heavy
rainy season runs from April to late June and a second rainy season runs from September through
November [42]. Crops grown during the rainy seasons are often stored and consumed during the dry
seasons. In Gambian children AFB1 adduct levels were shown to be lower during the rainy season
than during the dry season [43]. Another study conducted among children in Benin, a country with
agro-ecological zones and rainfall patterns similar to Ghana, showed little change in AF-ALB levels
between February and June but a substantial increase between June and October [44].

This study was conducted to estimate temporal variation in aflatoxin levels of HIV positive
people by analyzing AF-ALB levels in blood at baseline and at six (follow-up 1) and 12 (follow-up 2)
months post-recruitment, and to examine association of AF-ALB levels with socio-economic and food
consumption factors. No longitudinal study has been conducted to examine variation in AF-ALB
levels among HIV positive people who are chronically exposed to aflatoxin in the diet, although
changes in aflatoxin levels have been associated with immune suppression, increase in viral load, and
HIV disease progression [20,29,30]. We hypothesized that aflatoxin exposure would vary according
to the season/time of the year depending on whether predominantly fresh or stored food was being
eaten and that socioeconomic status and food consumption factors would be associated with aflatoxin
levels in participants.

2. Results

Table 1 shows the demographic, food acquisition and consumption data for 307 study
participants. The majority of study participants were between ages 30–39 years, although male
participants were slightly older compared with the females (36% of males were ě40 years compared
with 22% of females, p = 0.0001). Most participants were currently married and Christians. Females
(28%) were significantly less likely to belong to high SES groups compared with males (52%)
(p = 0.001). The majority of the participants (62%) reported not growing any of their food, and 55%
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reported buying over 20% of their food. Almost 70% reported storing maize for short periods
(0–2 months), and the majority of participants (67%) reported storing less than 25% of their maize.
About 66% reported consuming maize at least two times a week, although a higher percentage of
females reported consuming maize at least two times per week compared with males (69% versus
53%, p = 0.05). About 45% of participants reported consuming groundnuts at least two times a week.

Table 1. Baseline characteristics of study participants.

Variables Overall n =307 N [%] Male n = 67 N [%] Female n = 240 N [%]

Age
18–29 88[28.66] 7[7.94] 82[34.17]
30–39 142[46.25] 35[55.56] 106[44.17]
ě40 77[25.08] 23[36.51] 52[21.67]

missing = 0

Marital status
Married 198[66.22] 43[68.25] 155[64.58]
Single 47[15.72] 14[20.63] 34[14.17]

Sep/Wid/Div 54[18.16] 7[11.11] 51[21.25]
missing = 8

Socio-economic status
Low 93[33.1] 11[18.33] 82[37.11]

Middle 95[33.81] 18[30.0] 77[34.84]
High 93[33.1] 31[51.67] 62[28.05]

missing = 26

Religion
Christian 258[86.29] 51[82.46] 207[87.34]

Muslim/others 41[13.71] 11[17.74] 30[12.66]
missing = 8

Proportion of food grown
<20% 58[20.07] 12[19.35] 46[20.26]
ě20% 52[17.99] 14[22.58] 38[16.74]
None 179[61.94] 36[51.72] 143[63.00]

missing = 18

Proportion of food bought
<20% 128[45.23] 30[51.72] 98[43.56]
ě20% 155[54.77] 28[48.28] 127[56.44]

missing = 24

Proportion of maize stored
<25% 191[66.55] 41[68.33] 150[70.35]

25%–49% 85[29.62] 16[26.67] 69[30.40]
ě50% 11[3.83] 3[5.00] 8[3.52]

missing = 20

Months maize stored
0–2 months 199[69.34] 40[65.57] 159[70.35]
3–5 months 80[27.87] 17[27.87] 63[27.88]
ě6 months 8[2.79] 4[6.56] 4[1.77]

missing = 20

Groundnut consumption
Never 18[6.25] 6[10.00] 12[5.26]

Once or less a week 138[47.92] 30[50.00] 108[47.37]
2–3 times a week 83[28.82] 16[26.67] 67[29.39]

Everyday 49[17.01] 8[13.33] 41[17.98]
Missing = 19

Maize consumption
Never 4[1.39] 0[0.00] 4[1.75]

Once or less a week 94[32.64] 28[46.67] 66[28.95]
2–3 times a week 75[26.04] 11[18.33] 64[28.07]

Everyday 115[39.93] 21[35.0] 94[41.23]
missing = 19
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Table 1. Cont.

Variables Overall n =307 N [%] Male n = 67 N [%] Female n = 240 N [%]

Drink alcohol
No 282[93.69] 55[87.30] 227[94.58]
Yes 21[6.93] 8[12.70] 13[5.42]

missing = 4

Drink coffee
No 282[93.69] 58[92.06] 224[94.58]
Yes 19[6.31] 5[7.94] 14[5.88]

missing = 6

HIV status
AIDS [symptomatic] 3[1.06] 1[1.61] 2[0.90]

HIV infected [Non-AIDS] 280[98.94] 61[98.39] 219[99.1]
missing = 24

HBV status
Negative 261[87.88] 209[89.32] 51[83.61]
Positive 36[12.12] 25[10.68] 10[16.39]

missing = 10

CD4 count
Mean 633.303 573.62 650.17

SD
missing = 0 281.163 238.45

n = 67
290.96
n = 240

Numbers may not always add up to 307 due to missing values.

Table 2 shows the results of unadjusted mean AF-ALB levels at baseline, follow-up time 1
and follow-up time 2 by socio-demographic and food consumption variables. The mean AF-ALB
varied from 14.96 ˘ 15.86 pg/mg at baseline to 23.27 ˘ 26.63 pg/mg at follow-up time 1, and
15.32 ˘ 15.43 pg/mg at follow-up time 2. In unadjusted analysis, females had significantly lower
aflatoxin levels compared with males (est = ´0.30, p = 0.02), and participants in the middle and
highest SES groups also had lower aflatoxin levels compared with the lowest SES group although the
differences were not statistically significant. Participants who reported purchasing over 20% of their
food (est = 0.25, p = 0.01), those who reported storing over 25% of their maize (est = 0.23, p = 0.03),
and those who reported storing their maize for three to five months (est = 0.36, p = 0.001) all had
significantly higher aflatoxin levels over the follow up period. In addition, participants who reported
consuming groundnut (est = 0.27, p = 0.02) two to three times a week had significantly higher
AF-ALB levels.

Table 2. Unadjusted Mean aflatoxin albumin-adduct (AF-ALB) levels (pg/mg albumin) over time by
socio-economic status and food consumption practices.

Variables Baseline [Mean
AF-ALB ˘ SD]

FUP1 [Mean
AF-ALB ˘ SD]

FUP2 [Mean
AF-ALB ˘ SD]

Unadjusted Estimate
(p-value) §

Overall n 294 169 114
-Mean AF-ALB ˘ SD 14.95 ˘ 15.86 23.27 ˘ 26.63 15.32 ˘ 15.43

Median AF-ALB and range 10.36; 0.2–109.9 16.7; 0.9–197.5 11.29; 0.69–76.13

Gender
Ref

´0.30 (0.02)Males 17.59 ˘13.41 21.3 ˘ 22.52 15.57 ˘ 16.12
Females 14.28 ˘16.45 23.4 ˘ 27.82 15.65 ˘ 15.36

Socioeconomic status
Ref

´0.24 (0.06)
´0.18 (0.15)

Lowest 17.54 ˘ 19.25 21.05 ˘ 21.57 19.06 ˘ 15.27
Middle 13.19 ˘ 12.09 23.21 ˘ 27.56 13.80 ˘ 14.57
Highest 13.80 ˘ 15.14 19.53 ˘ 19.53 10.97 ˘ 11.16

Proportion of food grown
Ref

0.04 (0.78)
0.02 (0.83)

None 14.07 ˘ 13.80 20.79 ˘ 17.95 15.16 ˘ 15.16
<20% 16.61 ˘ 20.86 26.30 ˘ 39.76 14.92 ˘ 16.00
ě20% 15.83 ˘ 15.99 25.07 ˘ 31.81 19.75 ˘ 17.35
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Table 2. Cont.

Variables Baseline [Mean
AF-ALB ˘ SD]

FUP1 [Mean
AF-ALB ˘ SD]

FUP2 [Mean
AF-ALB ˘ SD]

Unadjusted Estimate
(p-value) §

Proportion of food bought
Ref

0.25 (0.01)<20% 12.70 ˘ 11.95 18.95 ˘ 19.40 12.53 ˘ 10.99
ě20% 17.20 ˘ 18.65 25.60 ˘ 31.22 17.78 ˘ 16.96

Proportion of maize stored
Ref

0.23 (0.03)<25% 13.38 ˘ 15.70 22.42 ˘ 26.55 16.17 ˘ 16.24
ě25% 17.65 ˘ 15.77 24.88 ˘ 28.62 14.22 ˘ 14.88

Months maize stored
Ref

0.36 (0.00)
0.02 (0.92)

0–2 months 13.84 ˘ 16.04 21.74 ˘ 26.71 16.003 ˘ 16.44
3–5 months 18.58 ˘ 16.04 24.27 ˘ 27.13 12.47 ˘ 6.98
ě6 months 14.43 ˘ 13.11 26.40 ˘ 23.38 23.48 ˘ 17.71

Groundnut consumption
Ref

0.27 (0.02)
´0.02 (0.91)

ď1 per week 11.60 ˘ 9.17 12.24 ˘ 7.65 18.68 ˘ 17.16
2–3 times a week 17.31 ˘ 16.19 22.27 ˘ 18.92 19.18 ˘ 20.10

Everyday 13.42 ˘ 12.99 22.65 ˘ 18.51 16.97 ˘ 15.23

Maize consumption
Ref

0.24 (0.06)
0.12 (0.31)

ď1 per week 19.25 ˘ 25.66 12.96 ˘ 11.67 6.01 ˘ 0
2–3 times a week 17.42 ˘ 16.09 25.53 ˘ 34.85 13.96 ˘ 13.07

Everyday 14.60 ˘ 15.93 19.77 ˘ 19.55 15.95 ˘ 16.64

§ Unadjusted mean aflatoxin levels based on longitudinal models of the natural log of aflatoxin over follow-up
time periods; FUP1—Follow-up time 1 (6 months post-recruitment); FUP2—Follow-up time 2 (12 months
post-recruitment). Ref = referent.

In adjusted models, we observed a statistically significant association between follow-up time
and season (dry or rainy season) on AF-ALB levels over time (p = 0.04). Table 3 presents the results
of the fully adjusted interaction model including confounders such as age, gender, SES, HIV status,
alcohol and smoking. Aflatoxin levels were lower in the dry versus rainy season during follow-up
1 (est = ´0.46, p = 0.03), although this difference was not statistically significant after Bonferonni
adjustment. There were also no differences in AF-ALB levels comparing dry and rainy seasons
at baseline or follow-up 2. However, there was a statistically significant change in AF-ALB levels
comparing follow-up 1 with baseline (est = 0.73, p ď 0.001) in the rainy season, but not between
follow-up 2 and baseline in the rainy season. There were no significant differences over follow-up
time in the dry season for follow-up 1 or follow-up 2. After accounting for the interaction between
follow-up time and season, none of the food consumption or socioeconomic variables or CD4 count
(Table 2 unadjusted) was statistically significant. Figure 1 shows the mean AF-ALB levels for dry and
rainy seasons at baseline, follow-up 1 and follow-up 2. There was a statistically significant increase
in AF-ALB levels between baseline and follow-up 1 (p < 0.05) restricted to the rainy seasons, but not
between baseline and follow-up 2.

Table 3. Multivariable adjusted model of aflatoxin over follow-up time by season.

FUP Season Estimate (Std. Error) p-value

Baseline Dry vs. Rainy 0.23 0.15 0.12
FUP 1 Dry vs. Rainy ´0.46 0.22 0.03
FUP 2 Dry vs. Rainy 0.08 0.24 0.75

FUP 1 vs. Baseline Rainy 0.73 0.16 <0.001
FUP 2 vs. Baseline Rainy 0.19 0.19 0.32
FUP 1 vs. Baseline Dry 0.04 0.20 0.85
FUP 2 vs. Baseline Dry 0.04 0.19 0.85

FUP Season - - - 0.04

Model of the natural log of aflatoxin adjusted for age, gender, SES, marital status, food consumption patterns,
HIV status, CD4 count, health status, alcohol and smoking; FUP—Follow-up; FUP1—Follow-up time 1
(6 months post-recruitment); FUP2—Follow-up time 2 (12 months post-recruitment).
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Figure 1. Unadjusted mean aflatoxin levels for dry and rainy seasons at baseline, follow-up 1 (FUP1)
and follow-up 2 (FUP2). The increase in AF-ALB levels between baseline and follow-up 1 for the rainy
seasons was statistically significant (p < 0.05).

3. Discussion

This study was conducted in Kumasi, the capital city of the Ashanti Region of Ghana. Thus,
the majority of participants reported purchasing rather than growing most of their food. Maize and
groundnuts are staple crops in Kumasi and the highest aflatoxin contamination is found in these
crops [1,36,40]. However, maize is the principal crop, since groundnuts are usually eaten as a snack or
included in sauces. Most of the maize eaten in this region is grown in rural areas and traded in urban
and rural markets. Reports from our study participants indicate that maize purchased is quickly used;
70% reported storing less than 25% of purchased maize and storing for only 0–2 months. Two-thirds
of participants reported consuming maize at least twice per week with 40% reporting daily maize
consumption. Groundnut was also frequently consumed by participants, at least twice per week by
45% and everyday by 17%. The levels of the AFB1 biomarker found in participants from this region
were higher than those reported from the Gambia [45,46] and Benin [47], but lower than levels found
in areas at high-risk for liver cancer in China [32,48,49].

Our observed values of AF-ALB indicate that study participants have high levels of this AFB1

biomarker in their blood over time. Furthermore, mean AF-ALB levels were significantly higher at
follow-up 1 compared to baseline but not between baseline and follow-up 2. This may be explained by
the fact that baseline and follow-up 2 samples were collected during similar months (February–July)
in 2009 and 2010, respectively, while samples for follow-up 1 were collected during August 2009
through January 2010. AF-ALB levels usually reflect two to three months of aflatoxin exposure [32,33].
The much higher AF-ALB levels in follow-up 1 over baseline indicate consumption of much higher
levels of aflatoxin between recruitment and follow up 1. The three months (May–July) preceding
the follow up 1 time point are part of the main growing season, at which time participants were
likely eating crops harvested after the previous growing season, which were improperly dried and
stored under hot, humid conditions. The stored food is likely to be the major source of aflatoxin
contamination as previous studies show that storage of crops for three to five months resulted in
higher aflatoxin levels [35].

Lower levels of AF-ALB at baseline and follow-up 2 (February–July) on the other hand, seem
to reflect consumption of fresh crops harvested at the end of the September to November rainy
season but also consumption of crops kept under less humid conditions during the drier months
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of December through March. Thus, these data seem to reflect seasonal changes at the end of the
growing seasons that favor more complete drying of grains and storage under less humid conditions
that keep fungal growth in check and thus less aflatoxin production. Our overall findings are similar
to those of a longitudinal study conducted in Benin where the highest AF-ALB blood contamination
in children was observed at the end of the rainy season in October [44]. In the Benin study, only minor
changes in AF-ALB levels were observed between February and June but much higher levels were
seen between June and October in three of four villages [44]. However, there is no clear explanation
for the variation in the AF-ALB levels observed due to the existence of the 2 rainy (growing) seasons,
the fact that maize may be stored for long periods (greater than a year), and the availability and
frequency of consumption of maize, groundnuts and other types of food materials. Further studies
that include collection of climatic data and more detailed identification of food sources may help to
clarify the observations.

In our unadjusted analysis, we found that participants in the middle and highest SES groups had
lower AF-ALB levels compared with those in the lowest SES group, except at follow up 1 when the
levels for all SES groups were not significantly different, and were higher than at either baseline or
follow-up 2. Previously we found that certain socio-demographic factors, such as ethnic group, the
village in which participants lived, and the number of individuals in the household, were significant
predictors of high AF-ALB levels in Ghana [34]. In another study in the Kumasi area, we found that
higher income, being employed, having one child, and having a flush toilet were each independently
associated with a 30%–40% reduced odds of high AF-ALB levels [50]. Interestingly, participants
who reported purchasing over 20% of their food, storing over 25% of their maize, and storing their
maize for three to five months or longer all had significantly higher AF-ALB levels at the follow
up 1 period. The purchased maize may have varying levels of contamination and storing larger
quantities over a longer period (probably under hot, humid and unsanitary conditions) may result in
fungal proliferation and build-up of aflatoxin levels in the food and hence higher AF-ALB. Storage of
maize for 3–5 months and insect damage were found to be associated with higher aflatoxin levels in
Benin [35].

It is encouraging to see that AF-ALB levels do not remain at the high follow-up 1 levels but
dropped again to slightly higher than baseline at follow-up 2. This seems to indicate normal
formation and turnover of aflatoxin albumin adducts in these asymptomatic HIV positive individuals
reflecting fluctuation in aflatoxin consumption in staple foods. However, with HIV disease
progression or development of liver problems (from HIV, hepatitis virus infection, antiretroviral
therapy or otherwise) chronic aflatoxin exposure could contribute to faster and more severe disease
progression. Chronic hepatitis B infection and ingestion of aflatoxin contaminated foods have been
shown to be major risk factors for development of liver cancer [51,52]. Therefore, steps need to be
taken to ensure the safety and security of the food supply for the population but in particular for the
most vulnerable groups such as HIV positive people. Additionally, the people could be encouraged
to examine purchased food for contamination and to sort their grains before food preparation
and consumption.

This study has certain limitations. The study sample was a convenience sample and is prone
to all the limitations of convenience sampling. For instance, recruited participants are likely
to be more concerned about their health and therefore healthier than non-participants inducing
potential selection bias. However, we expect that this would lead to an underestimation, and not
overestimation, of observed aflatoxin levels. Our inability to evaluate individual levels of maize and
groundnut consumption and aflatoxin contamination at sampling time points are limitations of the
study. There are also several strengths of this analysis. First, the longitudinal design enabled us to
examine changes in aflatoxin levels over time, and examine seasonal patterns that would not have
been possible with a cross-sectional design. Second, the use of plasma aflatoxin B1-lysine adducts,
reflecting aflatoxin exposure in the previous two to three months, provided direct and valid measures
of aflatoxin levels in the blood. Third, the relatively homogenous dietary pattern among study
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participants improves the generalizability of our findings to others in the population. In conclusion,
HIV-positive Ghanaian adults had high plasma aflatoxin levels that varied according to season and
food consumption patterns. Future studies with more detailed assessment of food harvest, storage
and consumption patterns in conjunction with climatic data may help to clarify the observations.

4. Experimental Section

4.1. Study Site, Study Participants and Data Collection

A longitudinal study among ART-naive HIV positive adults (ě18 years) was conducted in two
hospitals (Kumasi South Regional and Bomso Hospitals) in Kumasi, Ghana from February 2009 to
August 2010. The Kumasi South Regional Hospital (KSRH) is located between three cities (Atonsu,
Agogo and Chirapatre) in the Ashanti Region and provides services to 56 communities, which consist
of approximately 400,000 people. Bomso Hospital (BH) is a specialized 163 bed private hospital
in Kumasi that has a comprehensive HIV care, treatment and support program. BH is in close
proximity to, and works closely with, KSRH. Ethical approval for the study was obtained from the
Institutional Review Board at the University of Alabama at Birmingham (UAB) and the Committee on
Human Research, Publications and Ethics, School of Medical Sciences, Kwame Nkrumah University
of Science and Technology (KNUST), Kumasi. After informed consent was obtained, a standardized
interviewer-administered questionnaire was used to collect sociodemographic and food consumption
data. The interview was conducted in private rooms at the hospitals. The medical records of patients
were reviewed to obtain HIV diagnosis date and CD4+ count. Three-hundred and seven antiretroviral
therapy (ART) naïve HIV positive people with CD4+ T cell counts of >300 cells/mm3 of blood
(mean ˘ SD 618.10 ˘ 284.32; range 301–1616) were recruited and followed-up at 6 and 12 months
post-recruitment. Blood samples (20cc) were collected at each time point and separated into plasma
for AF-ALB (and other clinical determinations) and peripheral blood mononuclear cells for immune
analyses (data to be published elsewhere). Baseline recruitment was conducted from February–July
2009, follow-up 1 from August 2009 through January 2010 and follow-up 2 from February–July 2010.

4.2. Determination of AFB1-Lysine Adducts

Plasma aflatoxin B1-lysine adducts, reflecting aflatoxin exposure in the previous two
to three months, was measured by a modified High Performance Liquid Chromatography
(HPLC)-fluorescence method [53]. Briefly, 150 µL plasma samples were digested by Pronase and
loaded onto an Oasis Max cartridge from Waters Co. (Milford, MA, USA). The cartridge was
sequentially washed, and eluted with 2% formic acid in methanol. The eluents were evaporated
to dryness and reconstituted with 150 µL 10% methanol before HPLC analysis. HPLC analysis
was carried out on an 1100 liquid chromatography system (Agilent Technologies Wilmington, DE,
USA). Chromatographic separation was performed on an Agilent C18 column (5 Lm particle size,
250 ˆ 4.6 mm). The mobile phase consisted of 20 mM ammonium phosphate monobasic (pH 7.2) and
methanol in a linear gradient profile. The concentration of AFB1-lysine adducts was monitored at
wavelengths of 405 nm (excitation) and 470 nm (emission). The peak of authentic AFB1-lysine adduct
standard or samples was co-eluted with the retention time around 12.7 min. The detection limit of
this method is 0.5 pg/mL. The results of AFB1-lysine adducts concentration was adjusted by serum
albumin level and reported as pg/mg albumin.

4.3. Statistical Analyses

Socio-demographic characteristics, food consumption patterns, and CD4 counts of participants
were assessed using chi-square tests for categorical variables, fisher’s exact test for cell counts less
than 5, and t-tests to compare group means for continuous variables. Longitudinal data analysis using
mixed models in SAS was employed to determine statistically significant predictors of AF-ALB levels
over time. Adjusted analysis using mixed models was conducted to adjust for socio-demographics
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and clinical confounders. Socio-economic status (SES) was determined using principal components
analysis (PCA) on data measuring permanent household indicators such as housing type, plumbing,
water and electricity. A composite SES score was obtained from PCA analysis by weighting each
indicator by the coefficient of the first principal component, and each member of the household was
assigned the same SES. SES was then categorized into tertiles ranging from lowest to highest SES.
The distribution of AF-ALB level appeared skewed in descriptive analysis; therefore log- transformed
aflatoxin values were used for all statistical models. For all analysis, p values ď 0.05 were considered
as statistical significant, however, we used the Bonferonni adjustment to account for over-inflation of
type 1 error due to multiple pairwise comparisons in the interaction analysis. All statistical analyses
were performed with SAS 9.4 (SAS Institute Inc. Cary, NC, USA).
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