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The effects of exposures to
mycotoxins on immunity in

children: A systematic review
David Githang’aa,*, Omu Anzalab, Charity Mutegic and, Ambrose Agweyud
The majority of childhood deaths occur in low-income countries,
with vaccine-preventable infections contributing greatly. Of the
many possible environmental factors that could hamper a child’s
immune response, mycotoxins rank among the least studied in
spite of the high exposure in vulnerable populations. Aflatoxin
crosses the placenta, is secreted in breast milk and is consumed
widely in weaning diets by children with developing organ sys-
tems. This review describes the effects of mycotoxin exposure on
immunity in children that may contribute to sub-optimal vaccine
effectiveness. We searched electronic databases and references
of identified articles for relevant studies on the effects of mycotox-
ins on the immune system in children. Geographical location,
publication year, study design, sample selection, sample size,
mean age, route of exposure were extracted on a standard tem-
plate. Quality was assessed using Joanna Briggs Institute tool for
appraisal of systematic reviews for prevalence studies. Our anal-
yses and reporting were conducted in accordance with the
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preferred reporting items for systematic reviews and meta-analy-
ses (PRISMA) guidelines. Out of 806 articles screened, 5 obser-
vational studies met criteria for inclusion for review. The
definition of exposures to mycotoxins and outcomes varied
across the studies. Exposure to mycotoxins was positively associ-
ated with low birth weight and concentration of antibodies to
asexual malaria parasites and hepatitis B surface antigen, and
negatively associated with death and sIgA, antibodies to pneu-
mococcal antigen 23. Despite the far-reaching clinical and pub-
lic health effects of mycotoxin exposure among children, studies
on the effects of mycotoxin exposure on immunity in children
were few, small and mostly of low quality. There is an urgent
need for carefully designed prospective studies in this neglected
field to inform policy interventions for child health in settings
where exposure to mycotoxins is high.
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Introduction

O
f the 7.7 million deaths among children and

adolescents globally in 2013, over 80%

occurred in children under 5 years. The two

leading causes of deaths were lower respiratory tract

infections and diarrheal diseases.1 There is wide geo-

graphic variation in mortality and morbidity in chil-

dren. Sub-Saharan Africa contributed half of all the

under 5 global deaths while Southern Asia contributed

almost a third.2 The majority of these deaths are pre-

ventable through the implementation of evidence-

based effective interventions.3�5 Among the available

public health interventions, immunization,6 in spite of
its implementation and technical challenges, ranks

among the most cost-effective tools in public health.7

Vaccine efficacy indicates direct protection of the

individual under optimal conditions. Vaccine effec-

tiveness on the other hand connotes protection con-

ferred by immunization in a defined population in

ordinary circumstances. Effectiveness is influenced by

other factors that include differential protection at the

individual level. This immunological heterogeneity is

a threat to the realization of the full benefits of immu-

nization in tackling the targeted diseases.

There are many possible environmental factors that

could hamper a child’s immune response. For exam-

ple, animal data indicate that exposure in early life to

dioxin-like polychlorinated biphenyls (PCBs) and to

tetrachlorodibenzo-p-dioxin depresses immune func-

tion. To explore the potential immunotoxicity of

PCBs and perfluoroalkyl and polyfluoroalkyl substan-

ces (PFAS) in developing infants, studies of the

immune response to standard childhood immuniza-

tions were conducted in a birth cohort in the Faroe

Islands, where the investigators found that the anti-

body response to diphtheria toxoid was depressed at

age 18 months by 24.4% for each doubling of the

cumulative PCB exposure.8-12
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An environmental factor that has rarely been studied

is exposure to mycotoxins. There are over 400 myco-

toxins (secondary metabolites of fungi)13 that exist in

nature and contaminate a broad spectrum of foods that

make up the staple diet of people. In parts of Africa,

many people live in areas that lack centralized food

systems that ensure the food is safe.

In addition to the known genotoxic and carcino-

genic effects of mycotoxins, there is emerging evi-
In addition to the known geno-
toxic and carcinogenic effects of
mycotoxins, there is emerging
evidence of direct effects of
mycotoxins on the immune

system.8,9
dence of direct effects of

mycotoxins on the immune sys-

tem.8,9 Aflatoxins, fumonisins,

deoxynivalenol, zearalenone

and ochratoxin are the most

important in human health with

the first three having significant

impact in the paediatric

population.13

Aflatoxin crosses the placenta

to the fetus and is excreted in
breast milk. Consequently, aflatoxin exposure occurs

at various critical developmental stages affecting sev-

eral systems that include the immune system.
“Vaccine preventable conditions
continue to cause unacceptably
high mortality rates compared
to countries with similar pro-

grams in the northern
hemisphere”
“Vaccine preventable condi-

tions continue to cause unac-

ceptably high mortality rates

compared to countries with

similar programs in the north-

ern hemisphere”

Animal experiments have

shown that aflatoxin not only

reduces primary immune and

humoral responses, the immu-

nosuppressive effect also is
transferred across the placenta.14,15 This may impact

on vaccination uptake in breastfeeding babies.10 Data

on the immunotoxic effects of aflatoxins in humans

are limited. This review aims to describe the effects of

mycotoxin exposure on the immunity in children to

explore if any gaps exists that may be contributing to
“Studies have not pushed the
agenda that vaccines may not
be working as well as they

should for reasons that can be
addressed”
the sub-optimal vaccine effec-

tiveness alluded to in the intro-

duction.

“Studies have not pushed the

agenda that vaccines may not

be working as well as they

should for reasons that can be

addressed”
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Methods
Search Strategy and Selection Criteria

The protocol of this systematic review was

registered at the International Prospective Register of

Systematic Reviews (PROSPERO) under number

CRD42016032838. We searched PubMed, Embase, and

Cumulative Index to Nursing and Allied Health Litera-
Curr Prob
ture with the term “(mycotoxins

[MeSH] OR “aflatoxin”) AND

(“immunity” OR “immune sys-

tem” OR “immunomodulation”

OR “immune modulation” OR

“immunosuppression”)” for stud-

ies on the effects of mycotoxins

on the immune system in chil-

dren. No restrictions were applied

on study design, language or

time. We also searched relevant
reference lists and relevant journals by hand and wrote to

authors when additional data were required. The final

search across the databases was conducted on 12 March
2018. Our analyses and reporting

were conducted in accordance

with the preferred reporting items

for systematic reviews and meta-

analyses (PRISMA) guidelines.

Studies conducted only in adult

populations and those conducted

in adults and children but with

outcomes not reported separately

for children were excluded.

Titles for studies identified in
the search were screened for eligibility independently by

2 reviewers. Abstracts of potentially eligible articles

were further screened following which full texts of short-

listed articles were retrieved and assessed for final inclu-

sion. A third reviewer was consulted in the event of

disagreements between the two primary reviewers on
articles eligible for the review.

The decision of the third

reviewer was considered final.
Data Extraction

A standard template was used

to extract information about
l Pediatr Adolesc Health Care, May 201
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geographical location, year of publication, study design,

method of sample selection, sample size, mean age and

description of the route of mycotoxin exposure. Dis-

agreement was resolved by consensus between the 2

reviewers or through consultation with a third reviewer,

when necessary. If needed, we sought further clarifica-

tions from the authors of relevant studies.
Quality Assessment

Studies were assessed for quality using the Joanna

Briggs Institute tool for appraisal of systematic

reviews for prevalence studies.16 This tool defines 9

criteria aimed at determining representativeness of the

study sample, appropriateness of the recruitment pro-

cess, adequacy of the sample size, appropriate descrip-

tion and reporting of study subjects and setting,

adequacy of data coverage of the identified sample,

reliability and objectivity of the exposure and outcome

measures, appropriateness of the statistical methods

used, and adequate identification and consideration of

confounding factors/subgroups/differences in the anal-

yses. We applied a quality rating system derived from

the 9 domains of the Joanna Briggs Institute tool

whereby the risk of bias was categorized by the

authors as “high” when the “yes” fields accounted for

<50% of the total possible score, “moderate” if “yes”

responses represented 50% - 69% of the total score,

and “low” when it was more than 70%.
Heterogeneity

We initially intended to statistically pool results

across individual studies to enhance generalizability

and precision. However, marked heterogeneity in the

study procedures, methods for determining exposure

to mycotoxins and outcome measures precluded quan-

titative synthesis of the findings. We therefore

restricted our results to a narrative synthesis, noting

individual study findings and highlighting possible

relationships across the included studies.
Results
Study Selection

The search criteria identified 806 unduplicated

articles for screening. We considered 27 eligible for

full-text review, excluded a further 22 and determined
Curr Probl Pediatr Adolesc Health Care, May 2019
that 5 met criteria for inclusion in the review (Fig. 1).

One potentially eligible study conducted in the United

States examined the immune response among 33

patients who presented with symptoms related to

mold exposure (rhinitis, cough, other respiratory

symptoms, ocular pruritus, gastrointestinal symptoms,

headache, fatigue, and central nervous system symp-

toms) and 17 non-symptomatic controls.17 This study

was excluded because of the small sample size and

even smaller population of children (n=7), and

because the conflicting results for associations

observed in IgG and IgA responses to various molds

among symptomatic and non-symptomatic patients

are difficult to interpret.
Study Characteristics

All 5 included studies were observational in design;

half prospective and half cross-sectional. Study partic-

ipants ranged in age from 1 day to 12 years. The size

of the individual studies ranged from 40 to 472. The

study populations were from low- and middle-income

countries (half of the studies were conducted in sub-

Saharan Africa) (Table 1).
Assessment of Exposures to Mycotoxins

In 315,18,19 of the 5 included studies, exposure to

aflatoxins was determined based on aflatoxin-albumin

adduct levels in serum analyzed using enzyme-linked

immunosorbent assays (ELISA). One of these stud-

ies20 used a combination of ELISA and HPLC to

determine aflatoxin levels in serum, while another21

studied levels of water-soluble AFB1 DNA and pro-

tein adducts in urine using ELISA. In one study that

investigated the effects of transplacental exposure to

aflatoxins in newborns,22 aflatoxin M1 concentration

in cord blood samples was analyzed using HPLC. A

post-mortem study23 analyzed aflatoxin levels in lung

tissue specimens using HPLC. (Table 2)
Assessment of Outcomes

The outcomes varied across all the included studies.

Clinically-derived measures were low birth weight

(<2500 g), neonatal jaundice (not objectively defined),

or infections (also not objectively defined)22 death

(limit of time over which outcome was studied not

defined), or duration of fever (temperature >38.5˚C
111



201 selected by title and abstract
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969 potentially eligible studies identified 
957 identified through database searching
12 identified through manual search of references

Id
en

tif
ic

at
io

n

806 identified for screening

160 duplicates excluded

27 full-text articles selected

174 excluded (in vitro/animal studies)

5 studies included

21 full-text articles excluded
3 No clear outcome reported
4 in vitro studies
8 studies conducted in adults
1 study on inhalational exposure

605 excluded after screening

Fig. 1. PRISMA flow diagram
after study entry categorized as �7 vs. > 7 days)21 and

clinically diagnosed kwashiokor.23

Two studies reported outcomes derived from a vari-

ety of immunological markers. One study investigated

titers of antibodies against P. falciparum and hepatitis

B core antigen, Hepatitis B surface antigen levels, and

proliferative responses of PBMC following stimula-

tion with purified protein derivative of Mycobacte-

rium tuberculin (PPD), Candida albicans extract and

surface antigens of the circumsporozoite protein and

merozoite stages of P. falciparum20 The other study15

reported a combination of mean secretory IgA (sIgA)

in saliva measured by ELISA, cell-mediated immunity
112
assessed by a CMI skin test for delayed type hypersen-

sitivity reaction to tetanus, diphtheria, streptococcus,

tuberculin, candida, tricophyton, and proteus antigens,

titers of antibody to pneumococcal serotypes 1, 5, 14,

and 23 antigens after administration of 23-valent

pneumococcal capsular polysaccharide vaccine, and

titers of antibody to rabies after two doses of rabies

vaccine. (Table 2)
Risk of Bias for Included Studies

None of the included studies fulfilled all of the meth-

odological quality criteria. Two studies ranked as
Curr Probl Pediatr Adolesc Health Care, May 2019



TABLE 1. Characteristics of included studies

Author (year) Country Study design Age Route of

exposure

Outcomes Length of

follow-up

Abdulrazzaq et al,
(2005)

UAE Cross sectional 1 day Transplacental Low birth weight, Afla-
toxin M1 levels

None 250

Allen et al,
(1992)

Gambia Prospective 3-8 years Diet Antibodies to asexual
malaria parasites and
Hepatitis B surface
antigen

7 months 391

Denning et al,
(1995)

Philippines Prospective 0-12 years Diet Duration of fever and
mortality

Discharge, fever res-
olution or inpatient
death

115

Oyelami et al,
(2007)

Nigeria Cross sectional 4-168
months

Diet/ Inhalation AFB1 levels,
malnutrition

None 40

Turner et al,
(2003)

Gambia Prospective 6-9 years Diet sIGA levels; geometrical
mean antibody titers
for pneumococcal and
rabies vaccine anti-
gens; CMI response

48 hrs, day 16, day
30 and day 60

472
having low risk of bias (quality score >70%). One

study ranked as moderate quality (quality score 50-

69%), while three were low quality (quality score

<50%). Common reasons for downgrading the quality

of individual studies were unclear or inappropriate
TABLE 2. Definitions of measures of exposure and outcome

Study Exposure(s) Ou

Abdulrazzaq et al, (2005) � Aflatoxin M1 concentration in cord blood
samples analyzed using HPLC

� L
� N
� N

Allen et al, (1992) � Aflatoxin-albumin adduct levels in serum
analyzed using ELISA and HPLC

� T
is
a

� H
ti

� T
m

� P
te
e
z

Denning et al, (1995) � Aflatoxin-albumin adduct levels in serum
analyzed using ELISA.

� Urinary water-soluble AFB1 DNA and
protein adducts analyzed using ELISA.

� D
� D
a

Oyelami et al, (2007) � Aflatoxin levels in post-mortem lung tis-
sue specimens analyzed using HPLC

� C

Turner et al, (2003) � Aflatoxin-albumin adduct levels deter-
mined by ELISA

�M
� C
ty
tu
s

� T
a
ri

� T
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approaches to sampling of participants, lack of justifica-

tion for sample size used (particularly for the smaller

studies), and inadequate measures to address potential

confounding in statistical analyses. The results of the

quality assessment are summarized in Table 3.
tcome(s)

ow birthweight (<2500 g)
eonatal jaundice (not defined)
eonatal infections (not defined)
iters of antibodies to asexual blood stages of a cultured Gambian
olate of P. falciparum measured using indirect immunofluorescent
ntibody test
epatitis B surface antigen in serum using reverse passive haemagglu-
nation
itres of antibody to the hepatitis B core antigen (anti-HBc) by radioim-
unoassay
roliferative responses of PBMC following stimulation with purified pro-
in derivative of Mycobacterium tuberculin (PPD), Candida albicans
xtract and surface antigens of the circumsporozoite protein and mero-
oite stages of P. falciparum.
eath
uration of fever (Temperature>38.5˚C after study entry categorized
s �7 vs > 7 days (the latter including children who died

linically diagnosed kwashiokor

ean secretory IgA (sIgA) in saliva measured by ELISA
ell-mediated immunity assessed by Multitest CMI skin test for delayed
pe hypersensitivity reaction to tetanus, diphtheria, streptococcus,
berculin, candida, tricophyton, and proteus antigens applied to the
kin of the forearm
iters of antibody to pneumococcal serotypes 1, 5, 14, and 23 antigens
fter administration of 23-valent pneumococcal capsular polysaccha-
de vaccine
iters of antibody to rabies after two doses of rabies vaccine
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Synthesis of Results

The direction of association between aflatoxin expo-

sure and immunity in children in the included studies

is provided in Table 4. Mycotoxin exposure was asso-

ciated with low birth weight, titres of antibodies to

asexual malaria parasites, hepatitis B surface antigen,

IgG to A. ochraceus, A. terreus, and proliferative

responses of PBMC to A. alternate, C. herbarum, S.

chartarum, A. versicolor and A. flavus. Undetectable

serum aflatoxin concentrations were associated with

death while IgG to C. herbarum and Trichoderma and

IgA to S. chartarum was negatively associated with

mycotoxin exposure. No association was observed

between mycotoxin exposure and neonatal jaundice,

neonatal infections and duration of fever.
Effects of aflatoxin exposure on clinical
outcomes

One study that described morbidity among neonates

of mothers who had ingested aflatoxins demonstrated
TABLE 3. Quality assessment for included studies

TABLE 4. Direction of association between mycotoxin exposure and outcomes r

Author (year) Direction of association between mycotoxin exp

Positive Negative

Abdulrazzaq et al, (2005) Low birth weight
Allen et al, (1992) Antibodies to asexual malaria

parasites and Hepatitis B
surface antigen

Denning et al, (1995) Death
Oyelami et al, (2007)
Turner et al, (2003) sIgA, ant

coccal

114
a strong correlation between maternal exposure to

aflatoxins and levels of aflatoxin M1 in cord blood

(r=0.797, p<0.0001).22 The same study demonstrated

a negative correlation between aflatoxin level and

birth weight (r=- 0.565, p<0.001). However, the study

showed no association between aflatoxin M1 concen-

tration in maternal or cord blood and rates of jaundice

or infection. It is not clear whether the null finding for

the latter clinical outcomes was due to the relatively

small sample size as there was no description of the

assumptions that informed the study sample size. The

analyses also did not account for potential confound-

ing variables.

Contrasting results were reported in a prospective

study of 115 Philippino children with acute respiratory

tract infections.21 Undetectable serum aflatoxin concen-

trations were strongly associated with death (p = 0.004).

The authors attribute this unexpected finding to anorexia

as a marker of severe illness, and further comment on

the high levels of exposure to aflatoxin within the study

population. Detectable levels of serum aflatoxin levels

were not associated with duration of fever (� 7 days
epresenting immune function

osure and outcomes representing immune function

No association found

Jaundice, infection
Purified protein derivative of Mycobacterium
tuberculin (PPD), Candida albicans extract and
surface antigens of the circumsporozoite pro-
tein and merozoite stages of P. falciparum.

Duration of fever
Kwashiokor

ibodies to pneumo-
antigen 23

CMI, antibodies to pneumococcal antigens 1, 5,
14, Rabies

Curr Probl Pediatr Adolesc Health Care, May 2019



Fig. 2. Interrelationships between mycotoxins and health
versus > 7 days) (p=0.89). Limitations of this study

include the small sample size, unclear description of the

process used for sampling of potential participants and

the failure to account for confounding in the analyses

for the primary outcomes.

A post-mortem study of 40 children who died of

kwashiorkor (n=20) or other illnesses (pneumonia, gas-

troenteritis, measles, anaemia, xerophthalmia, meningi-

tis, tuberculosis, pericarditis, nephrotic syndrome,

Hirschprungs disease, sickle cell disease, chronic renal

failure) conducted in Nigeria sought to determine

whether patients with kwashiorkor or other diseases

retain AFB1 in the lungs.23 Aflatoxins were detected in

18 children who died from kwashiorkor and in 13 of

those who died from other diseases (95% confidence

interval -1,019 to 1.459). Limitations of this study

included the small sample size, inadequate description

of the procedure used to sample the control population,

and the failure to account for potential confounders in

the analyses presented.
Effects of aflatoxin exposure on immunological
markers

In a prospective study of 391 Gambian children,

exposure to aflatoxin AFB1 was associated with an

increased risk of infection with malaria (p=0.01) and

hepatitis B (p=0.04) quantified by levels of IFAT for

antibodies to asexual malaria parasites and HBsAg

respectively.20 Limitations of this study included the

poor description of the sampling procedure.

A study of 472 children recruited in rural Gambia,

aimed to determine the effect of dietary aflatoxin expo-

sure (serum aflatoxin-albumin (AF-alb) adducts) on

sIgA, CMI, antibody response to rabies and pneumococ-

cal vaccine in Gambian children. Secretory IgA was

quantified in microgram per mg protein of secretory

IGA; CMI response was assessed by measuring the

diameter of skin induration in mm, antibody response to

the pneumococcal and rabies vaccines was based on the

geometrical mean antibody titer for 4 pneumococcal

antigens contained in 23 valent vaccine and the rabies

vaccine respectively. Levels of sIgA were markedly

lower in children with detectable AF-alb compared with

those with non-detectable levels p < 0.0001. Antibody

response to one of 4 pneumococcal serotypes (serotype

23) (p=0.05), was weakly associated with higher levels

of AF-alb adducts. No response was observed for anti-

bodies to serotypes 1, 5, 14 or rabies. No association was
Curr Probl Pediatr Adolesc Health Care, May 2019
found between CMI responses to test antigens and AF-

alb adducts. The authors acknowledge the unexpected

direction of the findings, but caution against ruling out

the role of chance in explaining the results given the

weak association observed. This was a well-conducted

observational study nested within a large intervention

study. The authors used regression analyses to examine

independent associations between predictors and out-

comes. However, the investigators failed to describe the

appropriateness (power) of sample size to detect the

associations of interest.
Conclusions
This systematic analysis encountered difficulties in

finding common outcomes in the very diverse studies.

For that reason, this review was difficult to conduct.

There is a complex interrelationship between myco-

toxins, macro- and micro- nutrient deficiencies,

immune suppression, growth impairment and infective

conditions (Fig. 2).

Mycotoxins and in particular, aflatoxins, impact

immunity through the route of malnutrition as well as

directly as shown by laboratory animals, in vitro stud-

ies and a handful of human studies.
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