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The effects of aflatoxin
exposure on Hepatitis

B-vaccine induced immunity in
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Background: Globally, approximately three million children die
each year from vaccine preventable infectious diseases mainly in
developing countries. Despite the success of the expanded immu-
nization program, not all infants and children around the world
develop the same protective immune response to the same vac-
cine. A vaccine must induce a response over the basal immune
response that may be driven by population-specific, environmental
or socio-economic factors. Mycotoxins like aflatoxins are immune
suppressants that are confirmed to interfere with both cell-medi-
ated and acquired immunity. The mechanism of aflatoxin toxicity
is through the binding of the bio-activated AFB1-8, 9-epoxide to
cellular macromolecules.Methods:We studied Hepatitis B surface
antibodies [anti-HBs] levels to explore the immune modulation
effects of dietary exposure to aflatoxins in children aged between
one and fourteen years in Kenya. Hepatitis B vaccine was intro-
duced for routine administration for Kenyan infants in November
2001. To assess the effects of aflatoxin on immunogenicity of
childhood vaccines Aflatoxin B1-lysine in blood serum samples
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were determined using High Performance Liquid Chromatogra-
phy with Fluorescence detection while anti-HBs were measured
using Bio-ELISA anti-HBs kit. Results: The mean § SD of AFB1-
lysine adducts in our study population was 45.38 § 87.03 pg/
mg of albumin while the geometric mean was 20.40 pg/mg. The
distribution of AFB1-lysine adducts was skewed to the right. Only
98/205 (47.8%) of the study population tested positive for Hepa-
titis B surface antibodies. From regression analysis, we noted that
for every unit rise in serum aflatoxin level, anti-HBs dropped by
0.91 mIU/ml (¡0.9110038; 95% C.I ¡1.604948,
¡0.21706). Conclusion: Despite high coverage of routine immu-
nization, less than half of the study population had developed
immunity to HepB. Exposure to aflatoxin was high and weakly
associated with low anti-HBs antibodies. These findings highlight
a potentially significant role for environmental factors that may
contribute to vaccine effectiveness warranting further research.

Curr Probl Pediatr Adolesc Health Care 2019; 49:117�130
Introduction

T
he World Health Organization [WHO] recom-

mended “Expanded Program on Immunization”

[EPI], has been one of the most cost-effective

public health interventions in history.1 This is exempli-

fied by the eradication of smallpox, significantly lower-

ing the prevalence of poliomyelitis and the dramatic

reduction in morbidity and mortality from several other

illnesses such as measles, rotavirus infection and teta-

nus.2 Although a great deal has been achieved in diagno-

sis and treatment of many medical conditions, emerging

and re-emerging infectious diseases remain a major

threat to global health, causing severe morbidity and

mortality worldwide.2,3 To address these diseases, the

World Health Organization put in place the Global Vac-

cine Action Plan 2011�2020 (WHO-GVAP) that was

endorsed by 194 countries. This plan aims at strengthen-

ing current routine immunization to accelerate control of

vaccine preventable diseases by introducing new and
117

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cppeds.2019.04.005&domain=pdf
mailto:davidgithanga@gmail.com
https://doi.org/10.1016/j.cppeds.2019.04.005


improved vaccines and spurring development of the next

generation of vaccines and technologies.1

Unfortunately, approximately three million children

die each year of infectious diseases easily preventable

with currently available vaccines globally.4 Failure of

vaccines to prevent infections and/or diseases may be

due to suboptimal vaccine coverage, breakdown in cold

chain of vaccine storage and delivery. In Kenya, dimin-

ished vaccine effectiveness is suspected to be partly due

to the fact that the Kenyan population differs from the

populations studied in the original vaccine clinical tri-

als.4 Furthermore, many infants do not receive recom-

mended vaccines either on time or the required number

of doses to provide optimal protection. Moreover, not

all infants around the world develop the same protective

immune response to the same vaccine. To tackle these

issues requires identification of age and population-opti-

mized vaccine schedules and formulations that can only

be developed through research aimed at understanding

the reasons why some children do not mount an effica-

cious immune response following vaccination.

An ideal vaccine must be able to induce a response over

the basal immune response that may be largely driven by

environmental and other population specific and socio-

economic factors. The importance of environmental fac-
There is emerging evidence of
direct effects of mycotoxins to

the immune system.
tors modulating immunity is most

readily recognized in early life, a

period of rapidly changing envi-

ronments.5 Understanding the

environmental engines that drive

development and evolution of the

immune system naturally and in
response to childhood vaccines is not only necessary to

address specific pediatric diseases but also to identify the

strategies to change trajectories toward long-term, life-
Malnutrition,7 Soil-Transmitted
Helminth infections,8 early micro-
bial exposure9,10 and exposure
to mycotoxins through the diet
are few environmental factors

that must be taken into consider-
ation as they are likely to have
an impact on the overall vaccine

induced immunological
response.11
long protection from disease.6

Malnutrition,7 Soil-Transmit-

ted Helminth infections,8 early

microbial exposure9,10 and

exposure to mycotoxins through

the diet are few environmental

factors that must be taken into

consideration as they are likely

to have an impact on the overall

vaccine induced immunological

response.11

Epidemiological studies have

shown that exposure to mycotox-

ins such as aflatoxins, fumoni-

sins, deoxynivalenol, zearalenone
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and ochratoxin have significant negative health impacts

on pediatric population.12�15 Mycotoxins are naturally

occurring fungal metabolites produced by filamentous

fungi and commonly contaminate food supplies world-

wide. Among the over 300 identified mycotoxins, afla-

toxins are considered the most toxic as they are

confirmed immune suppressants, and Group I carcino-

gens besides interfering with growth and development in

children.13,16 Moreover, aflatoxins are teratogenic, muta-

genic and hepatotoxic.16,17 The mechanism of aflatoxin

toxicity is linked to the binding of the bio-activated

AFB1-8, 9-epoxide to cellular macromolecules.18

Since the discovery of aflatoxins in the 1960s, expo-

sure to high levels of aflatoxins in the diet have

resulted in over 600 deaths in the Kenyan popula-

tion.19 The effects of acute exposure to high levels of

aflatoxins came to the fore in Kenya following major

outbreaks in 1981 and 2004.20,21

Deaths from consumption of aflatoxin contaminated

grains has also been reported in India.22 The United

States Food and Drug Administration [USFDA]

started monitoring aflatoxin levels in food supplies in

1969, concluding that they are unavoidable contami-

nant and recommended guidelines of 20 mg/kg for all

foods and animal feeds.23
Curr Prob
In addition to the known gen-

otoxic and carcinogenic effects

of mycotoxins, there is emerg-

ing evidence of direct effects

of mycotoxins to the immune

system.

Immune responses occur by
macromolecular synthesis and cellular proliferation and

this gives us an indication of how mycotoxins can cause

immune-toxicity.24 A major effect of aflatoxin exposure
is the suppression of cell-medi-

ated immunity (CMI).24�26 Mod-

ulation by mycotoxins also

increases the susceptibility to

bacterial and parasitic infections

that adversely affects acquired

immunity, as evidenced follow-

ing experimental challenge with

infectious agents after vaccina-

tion.24 Biologically reactive

mycotoxins tend to inhibit protein

synthesis or cell multiplication.13

Ultimately, in order to bridge the

gap of knowledge and under-

standing of vaccine immune
l Pediatr Adolesc Health Care, May 2019



responses, it will be important to assess the possible role

of environmental and nutritional factors that affect the

general vaccine immune responses.

The interaction between Hepatitis B [HB] virus infec-

tion, and exposure to aflatoxins through the diet are con-

firmed to synergistically increase the risk of developing

chronic liver diseases and hepatocellular carcinoma.27�30

Hepatitis B vaccine was introduced for routine administra-

tion for Kenyan infants in November 2001. In this study,

we selected anti-HBs antibody test to explore the immune

modulation effects of dietary exposure to aflatoxins in

children aged between one and fourteen years. Assess-

ment of immune memory and measurement of Hepatitis

B antibody, is key in assessing immune competence.31

Hepatitis B vaccine was selected as the vaccine for explo-

ration of the effects of aflatoxin on immune response due

to the known association between hepatitis B infection

and chronic aflatoxin exposure in the pathogenesis of

chronic liver disease. The use of Hepatitis B vaccine has

increased the usefulness of anti-HBs determination as a

tool in monitoring seroconversion after immunization.

Generating vaccine-mediated immune protection is a

complex challenge. Currently available vaccines have

largely been developed empirically; their early protective

efficacy is primarily conferred by the induction of anti-

gen-specific antibodies. The quality of such antibody

responses, specifically their avidity has been identified as

a determining factor of efficacy. However, there is more

to antibody-mediated protection than the peak vaccine-

induced antibody titers. In addition, long-term protection

requires the persistence of vaccine antibodies and/or the

generation of immune memory cells capable of rapid and

effective reactivation upon subsequent microbial expo-

sure.32,33 The determinants of immune memory induc-

tion, as well as the relative contribution of persisting

antibodies and of immune memory to protection against

specific diseases, are thus essential parameters of long-

term vaccine efficacy.31,34 The overall objective of this

study was to estimate the prevalence and determine the

clinical and immunological correlates of aflatoxin expo-

sure among children aged between 1 and 14 years in

Muuni sub-location, Makueni County in Kenya.
Methods
Setting of the study

Makueni County lies in the South-Eastern part of

Kenya, approximately 180 km from the capital city
Curr Probl Pediatr Adolesc Health Care, May 2019
Nairobi. Almost 80% of households rely on agricul-

ture as the main source of income. The main subsis-

tence crops include maize, sweet potatoes, cassava,

peas, beans, sorghum and millet. Temperatures range

from 18˚ to 33 ˚C which is prime for aflatoxin generat-

ing fungi to thrive. The study area, Muuni sub-loca-

tion, is centrally located in Makueni as shown in

Fig. 1. During the 2009 census, it was projected that

the population of the area would reach 939,879 by

2014, an annual population growth rate of about

1.23%.35 Makueni’s population density is estimated at

110.4 people per km2, against a country average of

65.3 people per km2. It also has high fertility, which is

currently 5.1 children per woman, compared to a

national average of 4.6 children per woman.36
Study design and human participants

The study design is cross sectional. The Joint Ethics

Committee of the University of Nairobi and Kenyatta

National Hospital in Kenya approved the research pro-

tocol. Between July and December 2016, 930 house-

holds were randomly sampled in Muuni sub-location.

433 eligible households with children between the ages

of 1�14 years were selected. Inclusion criteria were

healthy children of both sexes, aged 1�14 years, avail-

ability of vaccination records, and the ability of parents

or guardian to provide informed consent. When more

than one child was eligible in a household, only one

was selected randomly using Kish Grid Method.37

Recruitment of study subjects is summarized in

Figure 2.

Subject recruitment and study procedure is shown in

Figure 2 where TBC refers to total blood cell count,

Anti HBS refers to measurement of hepatitis B surface

antibodies, cytokines refers to a group of proteins

secreted by cells of the immune system that act as chem-

ical messengers. LFTs refers to liver function tests,

AFB1 refers to measurement of aflatoxin B1 lysine

adducts in serum, AFB2 refers to measurement of afla-

toxin in grain, urinary fumonisins refer to measurement

of sphingolipids in urinary cells. For each analysis, the

number of samples analysed is shown beneath. For

example, Anti-HBS N=205 indicates that we measured

hepatitis B surface antibodies in 205 samples.

Makueni County performs poorly on most socio-

economic indicators. The county scores a 0.48 on the

Human Development Index (HDI)—a composite mea-

sure of development that combines indicators of life

expectancy, educational attainment and income. This
119



FIG 1. Map of Muuni sub-location. Bottom right panel: its position within Makueni county. Bottom left panel: Makueni County in
Kenya.
is against a national average of 0.52.36 Poverty is prev-

alent in the county and manifests itself in other socio-

economic outcomes such as poor nutrition, health, and

education, as well as a lack of access to basic services.

Unemployment is a major challenge in the county,
120
especially among youth. The majority of the popula-

tion is employed in agricultural activities, with limited

opportunities in commercial ventures and public ser-

vice. The County ranks 9th out of 47 in poverty levels,

with 60% of the residents living below poverty level.
Curr Probl Pediatr Adolesc Health Care, May 201
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FIG 2. Subject recruitment and study procedures.
Children aged 1�14 years in Muuni sub-location were

the focus of this study due to their particular vulnera-

bility and susceptibility to the effects of aflatoxin

exposure.
Study procedures
The study objectives and purposes were explained to

the community in local dialect before recruitment.

Parents or guardians who agreed to study procedures

provided written consent and completed a brief ques-

tionnaire on socio-economic indicators. Approximately

15 ml of urine, 5�8 ml of blood and 10 g of stool speci-

mens were collected from children in the presence of

parents or guardians who had provided informed con-

sent. Anthropometric measures including, height,

weight and mid-upper arm circumference were also

taken. The questionnaire on socio-economic status data

entry was done using CSEntry for Android application.

Total blood count and stool samples were examined in

the field shortly after collection. All other samples were

placed in dry ice for transportation to the University of

Nairobi KAVI-Institute of Clinical Research (KAVI-

ICR) laboratories for analysis. The serum samples for

aflatoxin levels and urine for urinary sphingolipid
Curr Probl Pediatr Adolesc Health Care, May 2019
assessments were airfreighted in dry ice to Professor

Jia-Sheng Wang’s laboratory at the University of Geor-

gia in Athens USA for analysis.
Laboratory analyses
Measurement of Hepatitis B surface antibodies

Hepatitis B surface antibodies (anti-HBs) were mea-

sured using Bio-Elisa anti-HBs kit according to the man-

ufacturer’s instructions. Bio-ELISA anti-HBs provides a

direct immune-enzymatic method of the “sandwich”

type in which the samples to be analyzed were incubated

in wells of a microplate that were coated with highly

purified HBsAg. Anti-HBs antibody assays were per-

formed on 205 randomly selected samples.
Cytokines analysis

Cytokine analysis was accomplished by Bio-Plex

ProTM Cytokine, Chemokine and Growth factor Assay

kit. This assay provides a robust immunoassay test

that enabled the quantification of cytokines in a single

well in 3�4 h from a small volume of serum. One
121



hundred and seventy-four randomly selected serum

samples were analyzed for Interleukin 2, 4, 6, 8,10,

TNF-alpha, GM-CSF and IFN-gamma. This multiplex

system uses xMAP technology on the MAGPIXTM

system.
Measurement of AFB1-lysine adducts

Aflatoxin blood levels defined as Serum aflatoxin B1

lysine adducts were analyzed using High-Performance

Liquid Chromatography with Fluorescence Detection

[HPLC�FD.] Detailed methodology is provided in a

paper by Qian et al.38
Statistical analysis

STATA software was used for data analysis (Stata-

Corp. 2017 Release 15.1). Continuous data with

skewed distributions were log transformed prior to

analyses. After data quality checks were done,

descriptive analysis, univariate associations and multi-

variate logistic regression model with hepatitis B anti-

body levels as the outcome variable were done.

Independent variables selected for inclusion in the

final model were those that were significant at

p < 0.05 in the univariate analyses.

We then assessed the association between aflatoxin

blood levels with selected immune markers in serum

samples collected from children aged between 1 and

14 years and that of aflatoxin levels on antibody

response to Hepatitis B vaccine. Anti-HBs of 10 IU/L is

the level of antibodies considered to give sero-protec-

tion.34 In the analysis of this data, all study participants

who had serum with Anti-HBs below 10 IU/L were con-

sidered to lack sero-protection against Hepatitis B infec-

tion. Due to logistical constraints, the rest of the serum

samples were stowed away for analysis in future.

For purposes of analysis, aflatoxin blood levels

herein referred to as AFB1-lysine adducts level was

dichotomized to define ‘low’ and ‘high’ based on the

median of 19.98 pg/mg as cutoff due to the high varia-

tion. The median was chosen because the data was

skewed to the right. This median level is selected to

create a dichotomous variable of ‘low’ and ‘high’ afla-

toxin level for purposes of exploring associations of

aflatoxin blood levels and other factors of interest we

may wish to study. To ascertain that selection bias did

not influence the choice of who was tested, we com-

pared age, gender, weight-for-age Z-score, BMI-for-
122
age Z-score, height-for-age Z-score, Wealth Index and

serum aflatoxin levels (AFB1) between the 2 groups.
Selection of variables for inclusion in
logistic regression model
In order to select candidate variables for multivariate

modeling, univariate logistic regression of the indepen-

dent variable, aflatoxin blood levels, was carried out

separately on individual variables. For each independent

variable, the odds ratio, the 95% confidence interval and

the p-value was reported. For variables with more than

two groups, one-way analysis of variance statistical pro-

cedure (ANOVA) was carried out to compare the mean

differences between the levels of anti-HBs. For each

test, Bartlett’s test for equal variances was carried to

verify the validity of analysis of variance.
Results
We enrolled 433 children between the ages of

1�14 years. After data cleaning, 409 study partici-

pants had complete data available for analysis. The 24

samples were left out due to reasons that ranged from

inadequacy of the sample volumes to run the other

tests (n = 14), mislabeling (n = 7) and some samples

were analyzed in duplicates (n = 3).

There were 204 males and 205 females with the

mean age of participants was 8.07 § 3.54 years. One

hundred and five children (26%) of the children were

under 5 years. The mean § SD age of mothers or

guardians who provided consent and were available

when data collection took place was 37.32 § 10.78.

Children in this study were served on average about 3

meals per day 2.88 § 0.62 with one meal constituted

of maize based breakfast meal porridge. Majority of

the children (357/433) or 82.4% of the parents in the

study reported serving their children porridge. Charac-

teristics of study participants and summary results

(Table 1).

Due to logistical constraints, only 205 serum sam-

ples were selected for measurement of anti-HBs. Of

the tested 205 children, only 98 (47.8%) tested posi-

tive for anti-HBs screening test. Of the 98 positive

cases, four samples had anti HBs concentration of less

than 10 IU/L and were therefore considered negative

for purposes of further analysis. The range of anti-

HBs level was 3-7833.8 IU/L while the mean § SD is

543.7 § 1375 IU/L.
Curr Probl Pediatr Adolesc Health Care, May 2019



TABLE 1. Characteristics of study participants and summary results.

Overall N = 409a

Age
< 5 years
>5years

105/409 (26%)
304/409 (74%)

Sex
Males
Females

204 (49%)
205(51%)

bChildren tested for anti-HBs antibodies
� Positive [>10 mIU/ml]
� Negative

n = 205
98/205 [48%]
107/205 [52%]

Anti-HBs levels Range 3�7833.8 mIU/L
Anti-HBs (mean (SD)) 543.7 (1375) (mIU/ml
Age in Years (mean (SD)) 8.07 (3.54) (yrs)
Height (mean (SD)) 122.00 (24.73) (cms)
Weight (mean (SD)) 23.71 (8.79) (kgs)
Growth patterns

Stunted
Not stunted
Underweight
Normal weight
Wasted
Not wasted

67/420 (15.95%)
353/420 (84.05%)
32/298 (10.74%)
266/298 (89.26%)
5/105 (4.76%)
100/105 (95.24%)

Albumin g/dL (mean (SD)) 4.88 (0.42) g/dL
Number of Meals (mean (SD)) 2.88 (0.62)
Porridge (%)

No
Yes
Non-specified

68 (15.7)
357 (82.4)
8 (1.8)

Aflatoxin blood levels
(Mean (SD))
Geometric Mean
Median
Range
95% Confidence Interval

pg/mg of albumin
44.94 (85.27) “
20.40 “
19.98 “
0.74�901.15 “
18.22�22.85 “

Grain aflatoxin levels mg/kg (mean (SD)) 38.93 (184.69) ppb
Age of the mother (mean (SD)) 37.32 (10.78) (yrs)
Dietary Diversity Score (mean (SD)) 3.88 (2.05)

a433 children were enrolled in the study but only 409 samples had

complete data for analysis.

b205 samples were used in Anti-HBs analysis due to logistical

constraints.
All serum samples analyzed for aflatoxin blood levels

had detectable levels. The limit of detection by the

HPLC with fluorescence detection was 0.4 pg/mg of

albumin. The lowest value of aflatoxin blood levels

level recorded was 0.74 pg/mg of albumin and the high-

est was 901.15 pg/mg of albumin. The mean § SD of

AFB1-lysine adducts in our study population is

44.94 § 85.27 pg/mg of albumin. The geometric mean

however was 20.40 pg/mg of albumin. The distribution

of AFB1-lysine adducts was skewed to the right, indi-

cating that most of the children had levels below the

median level of 20.4 pg/mg of albumin.

The mean height and weight were 122.00 § 24.73

centimeters and 23.71 § 8.79 kilograms respectively.

Sixty seven out of 420 children (16%) in the study
Curr Probl Pediatr Adolesc Health Care, May 2019
population were considered stunted, five of 105 less

than (5%) wasted and 32/298 (11%) were underweight.

Wasting (p < 0.03), dietary diversity score (p < 0.02)

and total white cell counts (p < 0.04) were associated

with decreased levels of anti-HBs in univariate models.

We compared mean differences in anti-HBs in age

bands of under 5 years, 5�8 years and 9�14 years

using analysis of variance. Using the Bartlett’s test for

equal variances was carried to verify validity of analy-

sis of variance, there were significant differences for

age groups (p < 0.04) and dietary diversity score

(p< 0.005).

GM-CSF was only detectable in 36 (21%), IFN-

gamma in 123 (71%), IL-4 in 146 (84%) and IL-10 in

156 (90%). For the other 4 cytokines (IL2, IL-6, IL-8

and TNF-alpha) were detectable in all the 173 samples

that were analyzed. All the cytokines showed a nega-

tive correlation with respect to aflatoxin blood levels

except IL-10 that showed positive correlation with

90% level of significance.

The relationship between the cytokine and aflatoxin

blood levels were explored using scatter plots as shown

in Fig. 3. Most of the cytokines showed negative corre-

lation with aflatoxin except for IL-10, TNF-alpha and

perhaps GM-CSF. Specifically, a decreasing trend for

IL2 was observed as aflatoxin blood levels increases

while GM-CSF increased with increasing aflatoxin lev-

els. IFN-gamma and TNF-alpha show a decreasing

trend as aflatoxin blood level increases. These results

were not statistically significant [p 0.695]. Overall, the

scatter plots revealed a mixed trends suggesting need

for further detailed analysis.

Cytokine profiles of IL-2. IL-6, IL-8 and TNF-a
were compared against aflatoxin blood levels. The

data suggest a tendency of depressed IL-4, IL-6 and

IL-8 with up-regulation of TNF-alpha with high afla-

toxin levels as shown in Fig. 4. None of the associa-

tions were significant when Mann Whitney test was

run to compare medians.
Assessing determinants of low HepBs
antibody levels
Variables included in the final fitted logistic regres-

sion model with 7 categories emerged. These were

age (<5 and >/=5 years), gender, bmi-age-Z score

and weight for height z-score which was defined as

wasting and normal, aflatoxin blood levels (grouped

high vs low), total white cell count, total protein and
123



FIG 3. Scatterplots showing the relationship between aflatoxin blood levels and the different cytokines.
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FIG 4. Cytokine profiles by high or low aflatoxin (IL4, TNF-a, IL8, IL4)

TABLE 2. Independent associations for low Hepatitis B antibody levels.

Characteristic OR 95%CI P

AFB1 high 1.73 0.77�3.89 0.19

Female 0.35 0.15�0.81 0.01
Age (Over 5) 3.56 1.34�9.43 0.01
Wealth index
Middle 1.17 0.40�3.46 0.78
Poor 0.65 0.17�2.56 0.54

Total Protein 110.90 1.28�9603.96 0.04
Gamma GT 1.01 0.92�1.11 0.82
Total WBC 1.04 0.91�1.19 0.55
Hb 0.84 0.54�1.30 0.43

Wt for age Z score 1.35 0.37�4.95 0.65
wealth index-poor, middle class and wealthy-

(Table 2). Serum AFB1-lysine adducts was associ-

ated with increased odds of having low Hep B anti-

body levels after adjusting for age, sex, growth

parameters, total protein, gamma GT, white blood

cell count, hemoglobin levels and wealth index. The

association was, however, not statistically significant

(R 1.73; 95% CI 0.77�3.89; P = 0.19). Being a

female child was associated with reduced odds of

having low Hep B antibody levels and this associa-

tion was statistically significant (OR 0.35; 95% CI

0.15�0.81; P = 0.01). Children aged above five years

experienced a 3.5 fold increase in odds of having low

Hep B antibody levels (OR 3.56; 95% CI 1.34�9.43;

P = 0.01). In this analysis wealth index appeared not

to be associated with Hep B antibody levels. Total

protein level was weakly associated with low Hep B

antibody levels (OR 110.9; 95% CI 1.28�9603.96;

P = 0.04). Gamma GT, Total WBC count, hemoglo-

bin and weight-for-age Z score were not associated

with Hep B antibody levels.
Curr Probl Pediatr Adolesc Health Care, May 2019
Discussion
This study showed an association between high afla-

toxin blood levels and low hepatitis B antibodies. Only

48% (98/205) of the study participants tested positive

for HBs screening tests. Four of the samples did not

achieve the protective threshold of 10 mIU/ml, the level

considered to give protection.39 This means that only

46% of the studied children can be considered to have

sero-protection antibodies against hepatitis B infection

as estimated by antibody levels.

Even though using antibodies as a measure of vac-

cine sero-protection is practical, it has some limita-

tions. In a study by Liao et al, 46% of children

vaccinated 5�7 years previously had titers below

10 mIU/ml.40 When these children were given a

booster dose, 90% showed evidence of an anamnestic

response. The long incubation period of the disease

has been reported to allow the anamnestic response to

be highly protective.41 In that study, Plotkin went fur-

ther to suggest that CD4+ responses are better corre-

lates of protection than antibody titers.

Passively acquired maternal antibodies and hepatitis

B infection are other two reasons that may affect lev-

els of anti-HBs. None of the children in our study

were less than a year old. The asymptomatic children

were drawn from the community at the time of testing.

Vaccine antibody responses elicited before 12 months

of age has been shown to have rapid decline.42,43 Van

Damme et al reported low to undetectable levels of

Hepatitis B antibodies in 15�50% of fully vaccinated

patients 5�15 years post vaccination.44 Our study

selected children who had been vaccinated within the

past one to thirteen years since the introduction of the

hepatitis B vaccine in 2001.
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That 54% of the children did

not have protective antibodies

in an area of high aflatoxin

exposure, is a matter of public

health concern given the com-

pounding carcinogenic effects

of hepatitis B infections and

chronic low dose exposure to

aflatoxin. Vaccine delivery-
related issues like site and dose of vaccine, the cold

chain integrity, timelines of vaccinations, were not

considered in this study.

Of the 433 children studied, AFB1 was detected in

all, ranging from 0.74 pg/mg albumin to 901.15 pg/

mg albumin with a median of 19.62 pg/mg with a

skew to the right. The geometric mean is 20.40 pg/

mg. These results are comparable to Turner et al who

reported a geometric mean adduct level of 22.3 pg/

mg in children from the Gambia.26 Aflatoxin blood

levels are higher in children compared to adult popu-

lations. For example, Leroy et al reported median

levels of 7.47 pg/mg albumin,45 while Yard and col-

leagues reported a median level of 1.78 pg/mg albu-

min.46 The overall higher level of AFB1-lysine in

children reveals a greater sensitivity to aflatoxins

possibly due to lower body mass, higher metabolic

rate, and underdeveloped organ functions and detoxi-

fication mechanisms. Another study conducted in

Nepal revealed median levels of 3.62 pg/mg of albu-

min.47 This study reported that aflatoxin exposure

during the first 36 months of life was not associated

with impaired growth in children from Nepal. None-

theless, it is worth noting that Nepal is geographi-

cally located between 1000 and 2000 m above sea

level, with a generally cooler climate while aflatoxins

thrive in hot and humid environments.

A trend of higher level of aflatoxin blood levels in the

females compared with the male children was observed

after adjusting across wealth index, however, this was
The females in this study also
had lower anti-Hbs antibody
levels compared to the males
(OR 0.35; 95% CI 0.15�0.81;
P = 0.01). There is no clear indi-
cation whether this may be a

biological association.
not statistically significant.

The females in this study also

had lower anti-Hbs antibody

levels compared to the males

(OR 0.35; 95% CI 0.15�0.81;

P = 0.01). There is no clear

indication whether this may be

a biological association.

It is known that there are sex

differences in immune response

that are not necessarily related
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to differences in pubertal hor-

mone levels.48�50 Nevertheless,

this does not mean that this is a

spurious occurrence; there may

be a difference between the

metabolism of aflatoxins in

males compared to females.

Moreover, it has been estab-

lished that the reaction between
males and females is different for vaccines way before

the onset of hormonal differences.41 Some genes that

encode for immunological proteins are found in the X

chromosome. This may lead to higher expression in

females compared to males. This observation is likely

plausible for aflatoxin exposure as well. Future studies

may consider exploring if indeed there exists sex dif-

ferences as regards aflatoxin exposure in pre-pubertal

children.

There was a significant association between the level

of serum aflatoxin and the socio-economic class.

Wealth index predicted the likelihood of a child having

high serum aflatoxin. Those in the middle socio-eco-

nomic class had an 18.5% lower likelihood of having

high aflatoxin compared to those in the lowest class.

The children in the rich social class had 57.2% less

likelihood of having high serum aflatoxin compared to

those in the poor class. These results are in agreement

with previous studies that have shown a significant

association between poverty and aflatoxin exposure.45

In addition, this study showed a strong association

between dietary diversity score and wealth score index.

Whereas these findings may seem obvious, they point

to the centrality of poverty in aflatoxin exposure and

direct us to an important starting point, certainly at a

policy level, in aflatoxin mitigation measures.

Malnutrition occurs when there is one or more of the

following situations; wasting (<-2SD WHZ), under-

weight (<-2SD WAZ) or stunting (<-2SD HAZ). Afla-

toxin impairs the intestinal barrier function resulting in
mal-absorption and micronutri-

ent deficiency.13,51 Systemic

immune activation following

increased permeability of the

enterocytes and inhibition of pro-

tein synthesis are other postu-

lated mechanisms that lead to

malnutrition.52,53 Malnutrition as

an independent factor is the big-

gest risk factor for global burden

of disease as previously indicated
l Pediatr Adolesc Health Care, May 2019



and by extension, one could infer that malnutrition has

significant contribution to immunomodulation. Aflatoxin

modulates infectious diseases as shown by a number of

studies.25,54,55
In the presence of high preva-
lence of serum aflatoxin in vul-
nerable populations, infectious
diseases are likely to continue
contributing to our excess mor-
bidity and mortality if we fail to
intervene on upstream factors
like ensuring safe food supplies
from aflatoxin contamination.
In the presence of high preva-

lence of serum aflatoxin in vul-

nerable populations, infectious

diseases are likely to continue

contributing to our excess mor-

bidity and mortality if we fail to

intervene on upstream factors

like ensuring safe food supplies

from aflatoxin contamination.

Sixteen per cent of children

in our study population were

stunted compared to the

national average of 26%

reported in the Kenya Demo-
graphic Health Survey of 2014.56 However, the

national average assessed a younger age range of

18�23 months, while our study included children

aged 12 months to pre-pubertal age of 14 years. This

may suggest a decline in stunting rate as the children

get older. Stunting indicates the effects of chronic

food shortage and has serious implications especially

for the first one thousand days. It is the most preva-

lent form of malnutrition in the world particularly in

Sub-Saharan Africa.57 It is worth noting that the

2014 KDHS anthropometric measurements were

determined using data that were already 5 years old.

Moreover, only 25% of our study population fell

between the ages of 18�23 months. Any compari-

sons of malnutrition rate in the two groups may not

be appropriate due to different age groups of the

study population. There is also a possibility that food

supplies may have improved among Kenyan house-

holds in 2016, when we conducted our fieldwork and

data collection. Alternatively, the stunting rate of

16% found in this study is lower than the 26% of the

national rate may suggest that Makueni County has

had some useful interventions in the last 5 years.

Wasting generally suggests recent illness especially

diarrhoea or rapid deterioration in food supplies.

Wasting rates in this study was 5% against a national

rate of 4% 2014 KDHS, with a higher prevalence

among under one-year-olds in the national study. Our

study excluded children under one year old therefore

the wasting rates are incomparable. It should be noted

that underweight reflects both effects of acute and

chronic malnutrition status. The rate of underweight
Curr Probl Pediatr Adolesc Health Care, May 2019
in our study was 11% similar to the 2014 KDHS

national rate that showed that, Makueni County had

registered a slightly lower underweight rate of 10.2%.
From the literature, we know

that the levels of cytokines are

usually low-to-undetectable in

the absence of an appropriate

trigger. Most of the cytokines

showed negative correlation

with aflatoxin except for IL-10,

TNF-alpha and GM-CSF. In

our analysis, aflatoxin levels

were not significantly associ-

ated with the levels of any of

the eight cytokines tested. All

the cytokines showed a nega-

tive correlation with respect to

serum aflatoxin. Dose-response
relationships with varying levels of aflatoxin in

peripheral blood mononuclear cells (PBMCs) would

greatly aid our understanding of cytokine signature

with regards to aflatoxin exposure.

The relationship between cytokine and aflatoxin

blood levels was explored using scatter plots. A

decreasing trend for IL2 was observed as serum afla-

toxin increases while GM-CSF increased with increas-

ing aflatoxin levels. IFN-gamma and TNF-alpha show

a decreasing trend as serum aflatoxin increases. These

results were not statistically significant. Overall, the

scatter plots revealed a mixed trend that should

prompt for further detailed analysis. The baseline

cytokine data in this study was more difficult to inter-

pret especially because the levels were very low or

below limit of detection not to mention use of dichoto-

mized levels of aflatoxin to define ‘low’ and ‘high’

based on the median in a very wide range of aflatoxin

levels. A study using peripheral blood mononuclear

cells (PBMCs) that are stimulated with varying levels

of aflatoxin would greatly augment the study of rela-

tionships between cytokine responses with varying

levels of serum aflatoxin levels. Taken together, the

results we have from this study form a valuable base-

line for future studies.

This study set out to estimate possible effects of afla-

toxin exposure on immunity by measuring the levels

of hepatitis B antibodies. While recognizing that not

all measured antibodies are functional, quantifying

hepatitis B antibodies is both practical and inexpen-

sive compared to cell -mediated based tests which are

best at giving conclusive estimations. Laboratory
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high mortality rates compared
to countries with similar pro-

grams in the Northern
hemisphere.
equipment necessary for this

immunoassay has a higher pos-

sibility of being found in an

easily accessible reference lab-

oratory. The measures of IgG

subclass and antibody avidity

are known to give a better indi-

cation of quality of the humoral

response again barring the costs

and complexity of the proce-
dure. ‘In-house’ functional assays such as the neutrali-

zation assays used in assessing polio and measles

antibody responses can provide additional informa-

tion. These tests are however both laborious and diffi-

cult to standardize rendering them less useful to the

clinician in a County hospital.

Three doses of Hepatitis B vaccines should achieve

a protection rate of >90%.58 Anti�HBs concentra-

tions have been reported to rapidly decrease in the first

year and more slowly thereafter but immune memory

persists longer.59 Expanded Programs on Immuniza-

tions have been in place for a long time in countries

that contribute the highest child mortalities. That not-

withstanding,

vaccine-preventable conditions continue to cause

unacceptably high mortality rates compared to coun-

tries with similar programs in the Northern hemi-

sphere.

This calls for urgent well-designed, adequately pow-

ered prospective studies to determine the effects of

mycotoxins on robust clinical and immunological out-

comes like IgG subclass, antibody avidity and cellular

immune responses. This need is particularly crucial in

the context of discussions on Sustainable Development

Goals, Universal Health Coverage and the role for high

impact interventions such as vaccines in achieving

defined targets. The researchers of these studies must

synthesize and present the results of these studies specifi-

cally for the political leadership who are pivotal in ensur-

ing policy formulation and operationalization.

The outcomes of similar research may spur the scien-

tific community interested in vaccines to re-evaluate

the current vaccine scheduling to ensure it is informed

by contextual data. Basic science research is increas-

ingly experiencing difficulties in obtaining funding

compared to operational research. One could make a

case that the immunization programs take a consider-

able part of the health budget in low-income countries

that stand to benefit most from tailor-made vaccination

schedules. Many of the schedules included in the
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Expanded Program on Immuni-

zation were developed empiri-

cally with little understanding of

the cellular immune responses

in the early days. Malnutrition,

poor sanitation and personal

hygiene, overcrowding, gut

microbiota, sex, genetic factors,

contaminated food and water

are non-vaccine factors that
impact on effectiveness of vaccinations in developing

economies.

Despite high coverage of routine immunization, less

than half of the study population had developed

immunity to Hepatitis B. Exposure to aflatoxin was

high and weakly associated with low anti-HBs anti-

bodies. This finding should spur further work across

the region with high burden of vaccine-preventable

diseases. The explanation of the inter-relationships of

the various environmental factors would enrich our

knowledge pool, further spurring the multi-disciplin-

ary effort that is necessary and pivotal in our quest to

address the resultant morbidity and mortality patterns

in children. Taken together, this will be in line with

Sustainable Development Goal policies that aim at

ending preventable deaths of newborns and children

under 5 years of age.
References
1. World Health Organization. Global Action Plan for the Pre-

vention and control of non-Communicable Diseases

2013�2020; 2012.In. Geneva Switzerland.

2. Fotso J-C, Ezeh AC, Madise NJ, Ciera JJBPH. Progress

towards the child mortality millennium development goal in

urban sub-Saharan Africa: the dynamics of population growth,

immunization, and access to clean water. BMC Public Health

2007;7(1):218.

3. Onsomu E, Abuya B, Okech I, Moore D, Collins-McNeil J.

Maternal education and immunization status among children

in Kenya.Matern Child Health J 2015;19(8):1724.

4. Duclos P, Okwo-Bele J-M, Gacic-Dobo M, Cherian T. Global

immunization: status, progress, challenges and future. BMC

Int Health Hum Rights 2009;9(Suppl 1):S2-S2.

5. Duncan Malcolm M, Tobias RK. The role of environmental

factors in modulating immune responses in early life. Front

Immunol 2014;5:(2014).

6. Yenny D, Erliyani S, Heri W, Taniawati S, Maria Y. A longi-

tudinal study of BCG vaccination in early childhood: the

development of innate and adaptive immune responses. PLoS

One 2010;5(Iss 11):e14066.:(11):e14066.

7. Keusch GT. The history of nutrition: malnutrition, infection

and immunity. J Nutr 2003;133(1):336s–40s.
l Pediatr Adolesc Health Care, May 2019

http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0001
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0001
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0001
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0001
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0002
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0002
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0002
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0002
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0002
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0003
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0003
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0003
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0004
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0004
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0004
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0005
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0005
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0005
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0006
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0006
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0006
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0006
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0007
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0007


8. Weatherhead JE, Hotez PJ, Mejia R. The global state of hel-

minth control and elimination in children. Pediatr Clin N Am

2017;64:867–77.

9. Kamada N, Seo S-U, Chen GY, Nunez G. Role of the gut

microbiota in immunity and inflammatory disease. Nat Rev

Immunol 2013(5):321.

10. Sjogren YM, Tomicic S, Lundberg A, et al. Influence of early

gut microbiota on the maturation of childhood mucosal and

systemic immune responses. Clin Exp Allergy 2009(12):1842.

11. Gascon M, Morales E, Sunyer J, Vrijheid M. Effects of persistent

organic pollutants on the developing respiratory and immune

systems: a systematic review. Environ Int 2013;52:51–65.

12. Leslie JF, Bandyopadhyay R, Visconti A. Mycotoxins: Detec-

tion Methods, Management, Public Health and Agricultural

Trade. Wallingford (United Kingdom) CABI2008.

13. IARC Working Group Reports. Mycotoxin Control in Low

and Middle income Countries. Lyon, France: International

Agency for Research on Cancer; 2015.

14. Wu F, Groopman JD, Pestka JJ. Public health impacts of food-

borne mycotoxins. Annu Rev Food Sci Technol 2014;5:351–

72.

15. Khlangwiset P, Shephard GS, Wu F. Aflatoxins and growth

impairment: a review. Crit Rev Toxicol 2011;41(9):740–55.

16. IARC. IARC monographs on the evaluation of carcinogenic

risks to humans. Vol. 82, some traditional herbal medicines,

some mycotoxins, naphthalene and styrene. Phytochemistry

2004;65(1):139.

17. IARC. Some naturally occurring substances: food items and

constituents, heterocyclic aromatic amines and mycotoxins.

In: IARC Monographs on the Evaluation of the Carcinogenic

Risk of Chemicals to Humans, Vol 56. Geneva; Switzerland:

World Health Organization, Geneva; Switzerland, 1993.

18. Alshannaq A, Yu JH. Occurrence, toxicity, and analysis of

major mycotoxins in food. Int J Environ Res Public Health

2017;14(6).

19. Wangia RN Deaths from consumption of contaminated maize

in eastern province, kenya. In. Atlanta, Georgia 2017: https://

kessa.org/yahoo_site_admin/assets/docs/9_Wangia_Aflatox-

ins_KESSA_Proceedings_Edit.326192632.pdf.

20. Ngindu A, Johnson BK, Kenya PR, et al. Outbreak of acute

hepatitis caused by aflatoxin poisoning in Kenya. Lancet

1982;1(8285):1346–8.

21. Probst C, Njapau H, Cotty PJ. Outbreak of an acute aflatoxico-

sis in Kenya in 2004: identification of the causal agent. Appl

Environ Microbiol 2007;73(8):2762–4.

22. Tandon BN, Krishnamurthy L, Koshy A, et al. Study of an

epidemic of jaundice, presumably due to toxic hepatitis, in

Northwest India. Gastroenterology 1977;72(3):488–94.

23. USFDA. Guidance for industry: Action levels for poisonous

or deleterious substances in human food and animal feed. In.

College Park, Maryland 2000: https://www.fda.gov/Food/Gui-

danceRegulation/GuidanceDocumentsRegulatoryInformation/

ChemicalContaminantsMetalsNaturalToxinsPesticides/

ucm077969.htm.

24. Owaga E, Muga R, Mumbo H, Aila F. Chronic dietary aflatox-

ins exposure in Kenya and emerging public health concerns of

impaired growth and immune suppression in children. Int J

Biol Chem Scis 2011;5(3):un-un.
Curr Probl Pediatr Adolesc Health Care, May 2019
25. Jiang Y, Jolly PE, Ellis WO, Wang JS, Phillips TD, Williams

JH. Aflatoxin B1 albumin adduct levels and cellular immune

status in Ghanaians. Int Immunol 2005;17(6):807–14.

26. Turner PC, Moore SE, Hall AJ, Prentice AM, Wild CP.

Modification of Immune Function through Exposure to Die-

tary Aflatoxin in Gambian Children. National Institute of

Environmental Health Sciences. National Institutes of

Health. Department of Health, Education and Welfare;

2003. p. 217.

27. Liu Y, Chang CC, Marsh GM, Wu F. Population attributable

risk of aflatoxin-related liver cancer: systematic review and

meta-analysis. Eur J Cancer 2012;48(14):2125–36.

28. Wogan GN, Kensler TW, Groopman JD. Present and future

directions of translational research on aflatoxin and hepatocel-

lular carcinoma. A review. Food Addit Contam Part A Chem

Anal Control Expo Risk Assess 2012;29(2):249–57.

29. Wu F, Stacy SL, Kensler TW. Global risk assessment of afla-

toxins in maize and peanuts: are regulatory standards ade-

quately protective. Toxicol Sci 2013;135(1):251–9.

30. Magnussen A, Parsi MA. Aflatoxins, hepatocellular carci-

noma and public health. World J Gastroenterol 2013;19

(10):1508–12.

31. Ahlers JD, Belyakov IM. Memories that last forever: strate-

gies for optimizing vaccine T-cell memory. Blood 2010;115

(9):1678–89.

32. Siegrist C. Vaccine immunology. In: Plotkin AS, ed. Plotkin’s

Vaccines, 7, Philadelphia, PA: Elsevier, 2008. pp. 16–34.

33. Lambert P-H, Liu M, Siegrist C-A. Can successful vaccines

teach us how to induce efficient protective immune responses.

Nat Med 2005;11:S54.

34. Sallusto F, Lanzavecchia A, Araki K, Ahmed R. From vac-

cines to memory and back. Immunity 2010;33(4):451–63.

35. Kenya National Bureau of Statistics. The 2009 Kenya Popula-

tion and Housing Census. KNBS & ICF Macro; 2010.

36. The DHS program II. Kenya Demographic and Health Survey.

Nairobi, Kenya: KNBS & ICF Macro; 2014.

37. Kish L. A procedure for objective respondent selection within

the household. J Am Stat Assoc 1949;44(247):380–7.

38. Qian G, Tang L, Liu W, Wang JJT. Development of a non-

antibody method for rapid detection of serum aflatoxin B1-

lysine adduct. 2010;114:248.

39. Jack AD, Hall AJ, Maine N, Mendy M, Whittle HC. What

level of hepatitis B antibody is protective. J Infect Dis

1999;179(2):489–92.

40. Liao SS, Li RC, Li H, et al. Long-term efficacy of plasma-

derived hepatitis B vaccine: a 15-year follow-up study among

Chinese children. Vaccine 1999;17(20�21):2661–6.

41. Plotkin SA. Vaccination against the major infectious diseases.

Comptes Rendus Acad Sci Ser III Sci 1999;322(11):943–51.

42. Richmond P, Borrow R, Miller E, et al. Meningococcal

serogroup C conjugate vaccine is immunogenic in infancy

and primes for memory. J Infect Dis 1999;179(6):1569–72.

43. Tiru M, Hallander HO, Gustafsson L, Storsaeter J, Olin P.

Diphtheria antitoxin response to DTP vaccines used in Swed-

ish pertussis vaccine trials, persistence and projection for tim-

ing of booster. Vaccine 2000;18(21):2295–306.

44. Van Damme P. Long-term protection after Hepatitis B vac-

cine. J Infect Dis 2016;214(1):1–3.
129

http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0008
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0008
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0008
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0009
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0009
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0009
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0010
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0010
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0010
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0011
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0011
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0011
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0012
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0012
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0012
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0013
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0013
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0013
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0014
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0014
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0015
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0015
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0015
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0015
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0016
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0016
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0016
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0016
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0016
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0017
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0017
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0017
https://kessa.org/yahoo_site_admin/assets/docs/9_Wangia_Aflatoxins_KESSA_Proceedings_Edit.326192632.pdf
https://kessa.org/yahoo_site_admin/assets/docs/9_Wangia_Aflatoxins_KESSA_Proceedings_Edit.326192632.pdf
https://kessa.org/yahoo_site_admin/assets/docs/9_Wangia_Aflatoxins_KESSA_Proceedings_Edit.326192632.pdf
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0018
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0018
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0018
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0019
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0019
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0019
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0020
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0020
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0020
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ChemicalContaminantsMetalsNaturalToxinsPesticides/ucm077969.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ChemicalContaminantsMetalsNaturalToxinsPesticides/ucm077969.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ChemicalContaminantsMetalsNaturalToxinsPesticides/ucm077969.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ChemicalContaminantsMetalsNaturalToxinsPesticides/ucm077969.htm
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0021
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0021
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0021
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0021
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0022
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0022
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0022
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0023
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0024
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0024
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0024
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0025
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0025
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0025
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0025
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0026
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0026
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0026
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0027
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0027
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0027
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0028
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0028
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0028
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0029
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0029
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0029
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0030
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0030
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0030
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0031
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0031
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0033
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0033
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0034
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0034
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0032
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0032
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0035
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0035
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0035
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0036
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0036
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0036
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0036
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0037
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0037
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0038
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0038
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0038
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0039
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0039
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0039
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0039
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0040
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0040


45. Leroy JL, Wang J-S, Jones K. Serum aflatoxin B1-lysine

adduct level in adult women from Eastern Province in Kenya

depends on household socio-economic status: A cross sec-

tional study. Soc Sci Med 2015;146:104–10.

46. Yard EE, Daniel JH, Lewis LS, et al. Human aflatoxin expo-

sure in Kenya, 2007: a cross-sectional study. Food Addit Con-

tam A 2013;30(7):1322–31.

47. Mitchell NJ, Hsu HH, Chandyo RK, et al. Aflatoxin exposure

during the first 36 months of life was not associated with

impaired growth in Nepalese children: an extension of the

MAL-ED study. PLoS One 2017;12(2):e0172124.

48. Klein SL. The effects of hormones on sex differences in infec-

tion: from genes to behavior. Neurosci Biobehav Rev 2000;24

(6):627–38.

49. Schuurs AH, Verheul HA. Effects of gender and sex steroids on

the immune response. J Steroid Biochem 1990;35(2):157–72.

50. Roberts CW, Walker W, Alexander J. Sex-associated hor-

mones and immunity to protozoan parasites. Clin Microbiol

Rev 2001;14(3):476–88.

51. Smith LE, Stoltzfus RJ, Prendergast A. Food chain mycotoxin

exposure, gut health, and impaired growth: a conceptual

framework. Adv Nutr 2012;3(4):526–31.
130
52. Qian G, Tang L, Guo X, et al. Aflatoxin B1 modulates the

expression of phenotypic markers and cytokines by splenic lym-

phocytes of male F344 rats. J Appl Toxicol 2014;34(3):241–9.

53. Meissonnier GM, Pinton P, Laffitte J, et al. Immunotoxicity of

aflatoxin B1: impairment of the cell-mediated response to vaccine

antigen and modulation of cytokine expression. Toxicol Appl

Pharmacol 2008;231(2):142–9.

54. Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM,

Aggarwal D. Human aflatoxicosis in developing countries:

a review of toxicology, exposure, potential health conse-

quences, and interventions. Am J Clin Nutr 2004;80(5):

1106–22.

55. Jolly PE. Aflatoxin: does it contribute to an increase in HIV

viral load. Future Microbiol 2014;9(2):121–4.

56. Kenya Bureau of Statistics. Kenya Demographic and Health

Survey. In:2015.

57. de Onis M, Branca F. Childhood stunting: a global perspec-

tive.Matern Child Nutr 2016;12(Suppl 1):S12–26.

58. Demirjian A, Levy O. Safety and Efficacy of Neonatal Vacci-

nation, 36. Germany: John Wiley & Sons, Ltd; 2009.

59. Saso A, Kampmann B. Vaccine responses in newborns. In.

Vol 392017:627-642.
Curr Probl Pediatr Adolesc Health Care, May 2019

http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0041
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0041
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0041
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0041
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0042
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0042
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0042
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0043
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0043
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0043
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0043
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0044
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0044
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0044
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0045
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0045
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0046
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0046
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0046
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0047
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0047
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0047
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0048
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0048
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0048
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0049
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0049
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0049
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0049
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0050
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0050
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0050
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0050
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0050
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0051
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0051
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0053
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0053
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0054
http://refhub.elsevier.com/S1538-5442(19)30039-2/sbref0054

	The effects of aflatoxin exposure on Hepatitis B-vaccine induced immunity in Kenyan children
	Introduction
	Methods
	Setting of the study
	Study design and human participants

	Study procedures
	Laboratory analyses
	Measurement of Hepatitis B surface antibodies
	Cytokines analysis
	Measurement of AFB1-lysine adducts
	Statistical analysis

	Selection of variables for inclusion in logistic regression model
	Results
	Assessing determinants of low HepBs antibody levels
	Discussion
	References


